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ae 1 
The‘Wings of (Man 


The dream of freedom often includes the dream of flight. The whole 
concept of being “as free as a bird” is so strong in many of us that one 
wonders if, perhaps, man really was meant to fly. The fantasy of flight has 
haunted man since the beginning of recorded time; countless legends, 
gods imbued with the power to fly, and biblical references to man’s flight 
predate the actual event. For those of us who would rather risk time and 
money, rather than life and limb, building and flying model aircraft may 
be the ideal fulfillment of a fantasy. 

The hobby encompasses a number of delights and certainly is not 
limited to “toy” airplanes. This is one leisure activity that involves 
enough time outdoors to qualify as a sport for the whole family. You’ll get 
about as much exercise flying a radio-control (R/C) or a control-line (C/L) 
model aircraft as you would sailing a small boat. Flying model aircraft 
can be a more fascinating hobby if you build your own models, but there 
are dozens of truly excellent quick-to-build and almost-ready-to-fly mod- 
els, and almost every hobby shop offers built-up kit models and often 
provide a building service. If you prefer the hobby aspect, there’s plenty of 
challenge available, ranging from the assembly of simple kits that can be 
completed on a single Saturday to built-from-plans exact-scale models 
that might take a year or more to finish. 

Many pilots of full-size private and commercial aircraft feel that 
flying a model aircraft actually provides more freedom and enjoyment than 
flying the real thing. There are, for example, no complex regulations to 
worry about with model aircraft and only a fraction of the investment to 
risk when you attempt an aerobatic maneuver. Hundreds of hours of very 
expensive practice are needed to solo in a real aircraft and you have to 
pass some pretty grueling written and flight tests. You can duplicate 
those flying maneuvers with a model aircraft, however, after only a few 
months of practice and the only license you'll ever need might be a 
Federal Communications Commission (FCC) permit for your radio-control 
transmitter. The FCC permit can be obtained simply by sending in a 
filled-out license application. Potential insurance problems are taken care 
of when you join the Academy of Model Aeronautics (AMA). The AMA 
membership provides liability insurance as part of the package, and it 
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Fig. 1-1 A Flyline Models’ radio-control Fairchild 22 preparing to land. 
Courtesy Flyline Models. 


applies anywhere you fly as long as you are flying according to the AMA 
safety code, a copy of which you’ll receive with your membership (it is 
sometimes changed, to comply with the insurance company regulations, 
so don’t rely on just the "safety code” shown here). In all, there’s more 
freedom, relaxation and exciting fun in flying model aircraft than you’ll 
find anywhere. 


Flight Forms 

You can envision your model aircraft any way that pleases you. 
Consider it your own little bird who flies exactly where and how you wish 
you could, or consider your model to be full-size and shrink yourself 
enough to imagine yourself in the cockpit. Most model aircraft en- 
thusiasts imagine both situations at one time or another. The choice of 
model aircraft will place more or less emphasis on the “bird” or “cockpit” 
flights of fancy. The airplanes that are launched with no form of remote 
control are called “free-flight” models, and they are certainly the closest 
thing you'll get to a bird. The other extreme of the hobby is occupied with 
flying model aircraft where the rudder (for right and left turns), the 
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elevator (for up and down movements), the ailerons (the movable flying 
surfaces that roll the plane into aright or left bank), the engine speed, and 
sometimes even retractable landing gear, dive brakes, or bomb bay doors 
are all controlled by a radio transmitter sending signals to a radio 
receiver on board the aircraft. There are, to be sure, less complicated 
radio-control model aircraft, just as there are more complex free-flight 
models, but this will give you a hint of the possible range this hobby 
encompasses. 

More control-line model airplanes are sold than any other. Firms like 
Cox and Testors sell millions of their inexpensive fuel-powered plastic 
model airplanes in toy and hobby stores and departments every year. 
Most control-line models have a simple lever inside the plane (called a 
“bell crank”) that is pushed or pulled by a lever in the full-size flier’s 
hand. The two levers are connected by two nylon cords or steel cables that 
are each 10 to 70 feet long. When the flier cocks the lever (called a “control 
handle”) forward or backward, the tow lines force the bell crank in the 
model airplane to move a corresponding distance. The bell crank is, in 
turn, connected by a steel rod (called a “push rod”) to a pivot point on the 
elevator to give the flier full control over the plane’s up-and-down 


Fig. 1-2 Simple almost-ready-to-fly control-line models, like this Cox Stuka, offer 
incredible realism. Courtesy Cox Hobbies. 
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movement during flight. The engine speed remains on full until the power 
plant runs out of fuel. The rudder is canted to the right to keep the two 
flying lines taut for full flier control. The airplane will then fly around 
and around the circle until it runs out of gas or until the flier forces it to 
land (or crashes it). The flier has only elevator control with a control-line 
model aircraft, but that is enough to allow virtually any type of aerobatic 
maneuver from a simple loop to advanced stunt flights. Experienced 
control-line modelers can even place two or more fliers in the center of the 
circle so each person controls one plane. The two fliers then stage mock 
combat or duplicate the maneuvers of aerobatic formation flying. 


Air Power Plants 

You can duplicate just about any type of full-size aircraft you wish 
with a flying model. Almost any of them are available as inexpensive 
ready-to-fly models, simple kits, or complex kits including both powered 
and non-powered types. The limitations of the control lines restrict this 
type of model aircraft to the powered types, but you can find just about 
anything from a scale-model piper cub to a multi-engined bomber to 
special “stunt” planes that will actually outperform the prototype aircraft. 
Most modelers, even the most experienced, use the simple single-cylinder 
two-stroke engines, but there are some ducted-fan two-strokes that 
perform like jet engines and a few planes that utilize actual jet engines. 
Stick to the simple engines with propellers for now; if you need blinding 
speed, then try model rockets with “vehicles” designed for ultimate speed, 
performance—you'll have trouble enough learning to fly an aircraft at the 
speeds that the tiny .020 or .049-cubic-inch displacement engines allow. 
Engines up to about 2.6-cubic-inch displacement are available for those 
who demand really gigantic planes, and some of the .61-cubic-inch 
engines have enough power to pull a lightweight model to a genuine 150 
miles an hour. 

The free-flight and radio-control model aircraft ready-to-fly and kit 
selection includes every imaginable type of full-size aircraft from biplanes 
of the World War I era to helicopters to four-engined bombers to powered 
gliders or sailplanes. The same two-stroke internal combustion power 
plants that power the control-line models are used for the radio-control 
models and many of the free-flight aircraft miniatures. Electric motors, 
powered by rechargeable on-board ni-cad (nickel-cadmium) batteries are 
becoming increasingly popular with radio-control modelers, thanks to the 
quiet simplicity of the motors. The non-powered gliders are launched by 
on-the-ground “engines” like the elastic band (actually surgical tubing) 
“Hi-Start” sold by Cox and others or by electric winches. These “engines” 
simply pull the aircraft forward, and lift created by the model’s wings 
carries it upward about 400 feet into the air. An experienced free-flight 
modeler can build and launch an airplane that will stay in the air for 10 
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Fig. 1-3 An electric winch (in the box) is used to launch some radio-control sailplanes. 
This is the Cox “Olympic IT”. 


minutes or more; a radio-controlled sailplane can be kept in the air for an 


hour. Most sailplane modelers are happy enough with five-minute flights, 
however. 


Costs 


The amount of money you spend on a flying model aircraft will 
depend mostly on how much control you expect to have over it and just 
how closely you want to match (or improve on) the performance of the 
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full-size aircraft. The least expensive models are the balsa wood hand- 
launched gliders that sell for about a dollar. The cost can range upward to 
$1000 or more for an exact-scale twin-engined bomber with a seven- 
channel radio-control rig. The cost will depend somewhat on whether you 
are willing to build the model from a kit or if you want it to be ready to fly. 
If we were to rank model airplanes by cost category, then the free-flight 
aircraft would certainly be the least expensive, followed by the control- 
line powered models, then radio-control gliders or sailplanes, and finally 
the most expensive radio-control powered aircraft. There’s a considerable 
amount of price overlap among the categories; the best free-flight models 
with timers can cost as much as $200, while you can buy a ready-to-fly 
Cox “Cub” powered radio-control trainer or an inexpensive kit and a 
two-channel radio for only $100 to $150. 


Free-Flight Models 

That dollar hand-launched glider is the simplest form of a free-flight 
model. There are kits that will allow you to carry the concept of 
non-controlled flight all the way to a 12-foot wingspan. The larger gliders 
can be launched by hand just like that simple balsa wood sheet model, but 
there are better ways of doing the job, including a 150-foot-long line on a 
reel to pull the model over your head while you run into the wind in much 
the same way you would launch a kite. There are also some free-flight 


Fig. 1-4 Peck-Polymers “Prairie Bird” is one of the better beginner model kits for indoor 
and outdoor free flight. Courtesy Peck-Polymers. 
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models that have fuel-powered ,.049-cubic-inch displacement (also called 
“Half A” or “%2 A”) engines to carry them into the air. Free flight includes 
those balsa wood stick models with tissue paper coverings and rubber 
band-powered propellers. The smaller balsa wood stick models can even 
be flown indoors. Most free-flight kits range in price from about $2 to $12, 
but some of the larger models of real aircraft and the“competition” 
free-flight kits can run as much as $80. Most of the kits that have rubber 
bands to power the propeller can be modified to accept the fuel-burning 
engines. The engine will run between $10 and $100, depending on the size 
and whether or not you have to have one of the hand-fitted and tuned 
“competition” engines. A timer, for the release of the stabilizer to 
“dethermalize” the model so it won't fly completely out of sight, can run 
another $2 to $50, again depending on whether you want a simple cloth 
rope “fuse” or a complex wind-up “competition” timer. 


Control-Line Models 

For a beginning control-line model $25 to $35 is a good range to 
consider. You can buy one of the Cox or Testors ready-to-fly plastic planes 
for as little as $15. The lantern battery to provide ignition power for 
starting and fuel will run another $5 or so. The larger Cox ready-to-fly 
planes run in the $25-to-$30 range and, for that price, you can buy one of 
the simple sheet balsa wood kits (that can be assembled in about three 
hours or less), an .049-cubic-inch displacement engine, contro] lines, 
contro] handle, cement, colored paint, and clear paint. Be certain that 
your first control model is either marked for “beginners” or that it is 
called a “trainer” so you'll stand a chance, at least, of learning to fly it 
before you crash it. Intermediate and “stunt” control-line models with 
larger engines will run in the $50-to-$100 range and that’s about where 
most modelers stop. If you’re really bitten by the control-line bug, you 
may want to advance to control-line scale, speed, or combat models and 
invest more in a single aircraft and engine. 


Radio-Control Sailplanes 

Most books and magazines lump all types of radio-control models into 
one category. We feel, however, that there is such a vast difference 
between powered radio-control model aircraft and radio-control sailplanes 
that the sailplanes are virtually in a category of their own. We do feel that 
the electric motor-powered sailplanes, like those made by Cox, Graupner, 
and Astro Flight, belong in the non-powered category. The electric 
motors, like the engines in the free-flight aircraft models, are there 
strictly to get the plane well clear of the ground where winds and rising 
air currents or thermals can sustain its flight. The major item of expense 
with any radio-controlled model is going to be the radio transmitter and 
receiver. You can keep that cost to a minimum with a sailplane, because 
you really need only two channels—one to operate the elevator (for up and 
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down control) and another to operate the rudder (for right and left). Some 
of the more advanced sailplane modelers add a third channel for the 
control of ailerons (for banking) and even a fourth for the control of the 
tow line release or, perhaps, retractable landing gear. Frankly, we feel 
that the third and fourth channels are a luxury that’s not really worth 
considering for the newcomer. That simple two-channel radio and receiver 
setup will cost between $80 and $150 (depending mostly on the quality 
and power or range), and you can use it in every sailplane you make, since 
the radio will usually survive crashes that can destroy the aircraft. The 
glider or sailplane itself will run between $20 and $100 asa kit. 


Powered Radio-Control Aircraft 

Radio control allows the modeler to build an aircraft that looks 
exactly like the real thing with no control-line wires to spoil its effect. The 
recent advances in electronic circuitry also permit the modeler to control 
his aircraft with virtually the same amount of precision as if he or she 
were in the cockpit. The cost of a powered radio-control aircraft can be less 
than $100 if you’re willing to settle for the single-channel (rudder) control 
of a beginner’s ready-to-fly like the Cox “Cub.” If you build your own from 
a kit designed for one of the .020 or .049-cubic-inch engines and a 
two-channel lightweight radio receiver and transmitter, you may get by 
for less than $150. These smaller aircraft will probably have a wingspan 
in the 30-to-50-inch range. The typical radio-controlled aircraft have 
wingspans in the 50-to-60-inch range with designs that call for an engine 


Fig. 1-5 Monte Peecher guides his radio-control Sig “Kiwi” just before takeoff. 
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Fig. 1-6 A high-wing aircraft makes a fine “trainer” for powered radio-control flying. 


with .20 to .61 cubic inch of displacement. Most modelers want aileron 
control for banked turns and throttle control as well as elevator and 
rudder control, so a radio transmitter and receiver with four or more 
channels is necessary. These aircraft are built from kits, and the model 
and engine will run $70 or more while the radio will cost $200 or more. 
Most modelers end up spending closer to $500 for their second or third 
powered radio-control model. Remember, though, that the radio transmit- 
ter and receiver can be used in your next aircraft simply by disconnecting 
and removing the receiver, the servos (that actually operate the control 
surfaces), and throttle from the aircraft. 

If you spend more than $500, you can get into some of the truly exotic 
radio-control aircraft like twin-engined models, ducted fan-engined “jets”, 
or radio-control helicopters. With few exceptions, however, these more 
costly aircraft are far more difficult to fly than the “beginner” models in 
that $100-to-$500 price range. This is one hobby where investing more 
dollars can actually make the flying more difficult—but that greater 
degree of difficulty is just the kind of challenge a hobbyist often desires. 
Just be warned that you’re much wiser to learn to fly with one of the 
inexpensive powered radio-control models before writing a check or 
signing a charge slip (or taking out a loan) for $500 or more worth of 
flying model aircraft. 
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Fig. 1-7 A radio-control Pylon racer built from a Prather Products’ “Quarter Midget” kit. 
Courtesy Prather Products. 


Ready-Built Models 

One of the major reasons why you buy a book like this one is the hope 
that the authors just might make some of your buying decisions for you. 
We can't blame you for hoping for a guide through the hobby of flying 
model aircraft, because it really is an extremely broad pastime that can 
demand anything from a dollar a week for lost hand-thrown balsa wood 
gliders to a $2000 investment in a quarter-scale radio-control aircraft that 
burns more expensive fuel than your car and more of it. 

Our best advice is this: try to examine your reasons for wanting to get 
involved in the hobby. If you think youd rather fly than build, for 
example, then start with one of the almost-ready-to-fly aircraft or one of 
the simple foam plastic kits that can be assembled in an evening. If you’d 
rather build, then start with something simple like one of the sheet balsa 
kits that require only an evening’s worth of time to assemble, so you'll 
know for certain your efforts will result in a flying model aircraft. Far too 
many potential enthusiasts are lost because they felt they had to start out 
with the more expensive models or the most complex kit and they never 
got beyond the buy-it-for-the-shelf stage. Take a stronghold on your ego 
and buy one of the beginner models, even if you have to tell the hobby 
shop owner it’s for your nephew’s birthday. 

If your reasons for wanting to become one of us include an over- 
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whelming desire to make your own “bird” fly, then give radio-control 
sailplanes a chance. Free flight sounds simple but, once you get beyond 
that $1 sheet balsa wood glider stage into the “stick” models with fuses 
and dethermalizers, things get complicated. It really takes more skill and 
experience to build and fly free-flight models than radio-control 
sailplanes. You'll have to invest a bit more in obtaining a radio transmit- 
ter and receiver setup, but with them you'll learn to fly a lot quicker and 
much of your acquired knowledge can be applied to free-flight models 
later on. For that first aircraft pick one of the inexpensive sailplanes with 
illustrated plans and simplified construction that probably don’t look 
much like any full-size glider. If you want one of the complex fiberglass 
and built-up balsa kits for that second aircraft model, you can always ask 
the hobby shop owner to have it built for that “nephew” of yours if you feel 
you lack the skill or patience to build it yourself. 

We've tried to keep the models in this book as simple as we could and 
still show you the incredible range and variety the hobby offers. Less than 
one-percent of the available aircraft models are illustrated on these pages, 
and there are an equal number of plans available for those who want to 
build their own. There are thousands of different model aircraft available. 


True-To-Life Scale Models 


You'll find that we’ve included an entire chapter on scale models in 
this book, and you'll see photographs of what are most realistic scale 
model aircraft in almost every chapter. This is the time to give you one of 
the facts about flying model aircraft: Most scale models just don’t fly as 
well as the full-size prototypes. There are two problems inherent in any 
truly accurate scale model: It’s impossible to scale down the effect of 
gravity or the size of air molecules to match the scale of the model, and the 
air is far too dense for a scale-size airframe. With few exceptions, the 
models that look most like models fly much better than the models that 
look precisely like real airplanes. It is true that an experienced model 
aircraft flier can make most of those accurate scale models fly as well as 
many of the model-like aircraft, but you are still a long way from 
becoming an experienced flier. You’l] find that even the “toy” models like 
the Cox-brand plastic ready-to-fly aircraft are marked “beginner”, “in- 
termediate”, or “advanced”. 

The most important fact you can learn from this book is to select a 
beginner type model or at least a model that looks like a model for that 
first or second aircraft. When you’ve learned to fly with a model that’s 
meant to fly like a model, then you can progress to a model that’s meant to 
fly like the real thing. Master that stage, and you just might be ready for 
some of the free-flight competition models, the “R/C pattern” or “control- 
line stunt” planes, the “Pylon racers,” and the helicopters that all 
actually fly far better than any full-size aircraft. 
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FEDERAL AERONAUTICS ADMINISTRATION 
OPERATING STANDARDS FOR MODEL AIRCRAFT 


1. Purpose 


This advisory circular outlines safety standards for operators of model 
aircraft, and encourages voluntary compliance with these standards. 


2. Background 
Attention has been drawn to the increase in model aircraft operations, and 
the need for added caution in the case of free-flight and radio controlled 
types to avoid creating a noise nuisance or a potential hazard to full-scale 
aircraft and persons and property of the surface. 


3. Operating Standards 
Modelers, generally, are concerned about safety and do exercise good 
judgment when flying model aircraft. However, in the interest of avoiding 
undue criticism from affected communities and airspace users, com- 
pliance with the following standards is encouraged by operators of radio 
controlled and free-flight models. 


a. Exercise vigilance for full-scale aircraft (get other people to help if 
possible) so as not to create a collision hazard. 

b. Select an operating site at a sufficient distance from populated areas 
to avoid creating a noise problem or a potential hazard. 

c. Do not fly higher than 400 feet above the surface. 

d. Do not operate closer than three miles from the boundary of an 
airport unless permitted to do so by the appropriate air traffic 
contro! facility in case of an airport for which a control zone has 
been designated, or by the airport manager in the case of other 
airports. 

e. Do not hesitate to ask for assistance in complying with these 
guidelines at the airport traffic control tower, or air route traffic control 
center nearest the site of the proposed operations. 


Fig. 1-8 


The Wings of Man 


OFFICIAL ACADEMY OF MODEL AERONAUTICS 
SAFETY CODE 


General 

. | will not fly my model aircraft in competition or in the presence of 
spectators until it has been proven to be airworthy by having been 
previously successfully flight tested. 

. | will not fly my model higher than approximately 400 feet within 3 miles 
of an airport without notifying the airport operator. | will give right of way 
to, and avoid flying in the proximity of full scale aircraft. Where 
necessary an observer shall be utilized to supervise flying to avoid 
having models fly in the proximity of full scale aircraft. 

. Where established, | will abide by the safety rules for the flying site | 
use, and | will not willfully and deliberately fly my models in a careless, 
reckless, and/or dangerous manner. 


Radio Control 

. | will have completed a successful radio equipment ground range check 
before the first flight of a new or repaired model. 

. | will not fly my model aircraft in the presence of spectators until | 
become a qualified flyer, unless assisted by an experienced helper. 

. | will perform my initial turn after takeoff away from the pit, spectator, 
and parking areas, and | will not thereafter perform maneuvers, flights 
of any sort, or landing approaches over a pit, spectator, or parking area. 


Free Flight 

. | will not launch my model aircraft unless at least 100 feet downwind of 
spectators and automobile parking. 

. | will not fly my model unless the launch area is clear of all persons 
except my mechanic and officials. 

. | will employ the use of an adequate device in flight to extinguish any 
fuses on the model after it has completed its function. 


Control Line 

. | will subject my complete control system (including safety thong, where 
applicable) to an inspection and pull test prior to flying. 

. | will assure that my flying area is safely clear of all utility wires or poles. 
. | will assure that my flying area is safely clear of all non-essential 
participants and spectators before permitting my engine to be started. 


Fig. 1-9 
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Chapter 2 
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Basic Aerodynamics 


Man’s fascination with flight has led him to apply the natural laws of 
flight to a science that bears upon both full-size aircraft and models. 
Youll find it a whole lot easier to avoid crashing your model aircraft if you 
understand just what makes it fly and how the various control surfaces 
alter its course through the air. You may be surprised to learn. for 
example. that it’s really not the wind but the aircraft's wing shape that 
keeps it in the air or that the speed of the propeller may be less important 
than its shape. There isn't room here to present even a short course in 
aircraft design for those who wish to create their own flying model 
aircraft. There are volumes much thicker than this one that deal with 
only the background information you'd need to create your own airplane. 
After you've mastered model aircraft flight with several different types of 
aircraft. from free-flight powered models to radio-control sailplanes, you'll 
have some idea of how different shapes can affect a model's performance. 
Learn to fly several different exact-scale model aircraft before you think 
you can just use a set of real airplane profiles or plans and scale them to 
fit a .20-to.60-cubic inch engine—it’s often necessary to alter the shape 
of the wing's cross section (the airfoil) and or to slightly enlarge the shape 
of the moving control surfaces to make a scale model fly well. We will try 
to give you the background information vou need to understand why one 
mode! flies so much differently from another. 


The Basic Principle 

Flight is impossible without the expenditure of some form of energy. 
Even a hot-air balloon needs the energy to fuel the flame that heats the 
air: energy is needed to separate and purify the helium used for that type 
of lighter-than-air flight. The energy of the wind or of hot air rising is 
necessary to allow a fixed-wing aircraft or a bird (with stationary wings) 
to gain altitude. We're dealing with winged flight. so the type of energy 
that most concerns us is the type that keeps air moving over the wings of 
the aircraft. That energy can be the speed of the airframe through the 
surrounding air, the energy of warm rising air. or the force of gravity 
trying to pull the aircraft back to earth and thus forward in the aircraft's 
glide path. Most often. the energy that makes flight possible is a 
combination of two or more of these forces. A fifth type of energy for the 
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flight of an airplane is that required to get a glider or sailplane off the 
ground and into the air so the wings can create lift and so that lift as well 
as the rising air currents can keep it aloft. That fifth type of energy may 
be the power of a hand launch, a runner with a towline, a "Hi-Start”, or an 
electric winch system. Modelers seldom use a powered aircraft to pull a 
glider or sailplane into the air, but that’s the most common way the 
prototypes are launched. 

The aspect of the hobby/sport that makes it so much a sport of skill 
lies in making all five of these forces work most effectively for sustained 
flights or for precision maneuvers. You can make those forces work most 
effectively by precision assembly and correct alignment of a kit-built 
airplane and by the careful adjustment of the various control surfaces so 
they are most effective in producing a stable flight. 


The Secret of the Birds 


It took historic man thousands of years to uncover the secret of flight 
that birds possess. Ironically, the secret was right there in the obvious 
means of flight, the shape of the birds’ wings. Man manipulated the cross 
sectional form of the birds’ wings to better suit the hard surfaces of earlier 
wooden and later metal wings. The resulting modified teardrop shape is 
the familiar airfoil that is used, in one form or another, in the wings of 
every aircraft. The airfoil is a cross section of wing as it would appear if 
you were to cut through it in a direction going from the leading edge to the 
trailing edge. The shape of the wing when viewed from the top or bottom 
of the aircraft has a definite but subtle effect on the aircraft’s flight 
performance. The fundamental principle behind the airfoil shape is that 
the curve over the top of the wing is theoretically of a greater radius than 
the curve of the bottom surface of the wing (we’ll see why “theoretically” a 
bit later). When the wing is pushed through the air by some type of 
energy, air molecules are forced more rapidly over the top of the wing to 
create a “low pressure” area. This “bulge” in the flow of air creates a “lift” 
that does exactly that: It lifts the wing (and, of course, the rest of the 
aircraft) to help overcome the force of gravity. 

The airfoil shape has a second advantage; it disturbs the flow of the 
air over the wing as little as is physically possible so the air doesn’t “drag” 
on the wing to slow it down. Yes, bird’s wings do have this same clever 
combination of gravity-fighting “lift” with minimal energy-absorbing 
“drag”. The bird, however, can alter the cross sectional shape of its wings 
a bit to create even more lift by curving the top so much that the bottom 
(called an “undercambered airfoil”) is actually concave. This produces 
even higher pressure beneath the wing (because there is already a slight 
cavity under the wing), and it increases the lift. The disadvantage of 
having the top curve so much is that it also increases the amount of 
“drag”. If a bird (or an aircraft) is relying soley on the rising warm air 
currents in a “thermal” to gain altitude, then the amount of lift the wing 
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Fig. 2-1 A Craft-Air “Sailaire” sailplane being carried aloft by a thermal. 
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Fig. 2-2 The path of the air over a flat-bottomed airfoil from the leading edge (A) to the 
trailing edge (B). Courtesy Estes Industries, Inc. 


shape provides can be extremely important. Some of the more advanced 
free-flight gliders have very pronounced differences in the top and bottom 
curves of the airfoil’s cross sectional shapes in their wings and horizontal 
stabilizers to produce maximum lift at different air speeds. 

If the aircraft does not have an abundance of power, the amount of 
drag that the airfoil shape can produce can be a real problem. The effect of 
the drag will be even more pronounced at the higher speeds that some 
aircraft reach in normal operation. For this reason, most jets and stunt 
planes (both full-size and model) have a symmetrical shape in the cross 
section of their wings. This allows an absolute minimum amount of drag 
while the powerful engine produces more than enough energy for sus- 
tained speed, acceleration, and/or altitude gain. The symmetrical airfoil is 
important on a plane that is to be aerobatic because that type of aircraft is 
expected to fly as well upside down as it does right side up. The airfoil is 
generating “lift”, relative to the aircraft, even when the aircraft (and the 
symmetrical airfoil-shaped wings) is flying inverted. An aircraft with a 
conventional airfoil (called a “flat-bottom airfoil”) can be flown upside 
down for very brief periods during, for example, a loop or figure-eight 
aerobatic maneuver. The pilot or flier must, of course, be certain that the 
aircraft has enough altitude for the maneuver. He must also remember 
that the operation of the controls will be reversed during the moments of 
inverted flight. 

Climbing High 

When the aircrafts wings are forced through the air by the enrgy of 
gravity or by an engine-driven propeller, the airfoil shape generates a 
tremendous amount of “lift” due to the vacuum created on the upper 
surface of the wing and by the force of the air molecules striking the 
underside of the wing. This effect will exist even with a symmetrical 
airfoil wing cross section; that’s the reason a stunt plane’s wings or the 
wings of a pylon racer will still help it to gain altitude. Even the perfectly 
flat balsa wood wings of some of the inexpensive gliders and control-line 
kits will allow the aircraft to fly. The teardrop of "flat plate” wing shapes 
must, however, be accompanied with a reasonable amount of energy or 
power to sustain flight. The broad and relatively short wings of a stunt 
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model or a “pattern” aircraft also reflect the fact that these types of 
models have an abundance of power, enough to pull such a large wing 
through the air. 

The larger the surface area of the wing, the greater will be the “drag” 
of the wing as it passes through the air. If the wing area is too large for the 
aircraft’s available power, the plane will respond sluggishly to the 
controls, and it may even be difficult to get it airborne. You can see 
examples of the other extreme of wing area versus power when you 
observe the long, thin wing sections and shapes of a sailplane or a 
free-flight model aircraft. The longer wings provide extra lift area, while 
the relatively thin wing width (called “wing cord”) minimizes drag. When 
a model aircraft is flown at altitudes exceeding about 5,000 feet, a longer 
runway and a more powerful engine than that recommended by the 
manufacturer will be required for safe take-off and flight. 

The angle that the wing strikes the airstream is called the “angle of 
attack”. This angle can be adjusted by changing the angle of the stabilizer 
relative to the angle of the wing at the time the aircraft is designed or 
built. The flier of a control-line or a radio-control aircraft can also alter 
the angle of attack on the model during flight by moving the elevator 
controls to point the nose of the aircraft upward just enough to produce the 
desired amount of “lift”. If the angle of attack is too great, the “lift” will be 
interrupted and the “drag” will become so great that the aircraft will stop 
flying momentarily; this is what is called the “stall angle”. The aircraft 
may actually fall downward for a moment until (because of gravity) its 
nose is pulled down more than the tail. Once air speed is resumed, the 
components of lift, drag, and stability will once again combine for normal 
flight. If your model is flying in an area of gently rising air (in a 
“thermal”), it may actually gain altitude with its fuselage level with the 
horizon because the force of that rising air is producing an angle of attack 
that will allow increased lift. 


Fig. 2-3 The path of air and the resulting forces when the angle of attack of an airfoil 
produces lift. Courtesy Estes Industries, Inc. 
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Fig. 2-4 Rising warm-air currents carry moisture that forms into cumulus clouds like 
these over the hills outside Reno. 


In-Flight Stability 

So far, we’ve been concerned mainly with how an aircraft flies in a 
straight-ahead attitude. There are a few other factors, besides the wings 
and their shape and the available energy sources (that keep the aircraft 
moving), that are important to prevent the aircraft from tumbling 
through the air like a broken tree limb. The vertical and horizontal 
control surfaces at the tail of the aircraft act like the feathers on an arrow 
or dart to keep the nose of the aircraft pointed in the direction of travel 
and to keep the angle of attack of the wings correct. The vertical surface at 
the tail is called a “rudder” and the horizontal surface is called a 
“stabilizer”, even though both surfaces help to stabilize the aircrafts 
flight. Virtually any ready-to-fly or kit for a flying model aircraft is a 
stable design. You can, however, easily create an airplane model that is 
unstable if you try to design your own aircraft without a considerable 
amount of study and experimentation with aerodynamics. Each type of 
model aircraft is designed to be stable during the type of maneuvers that 
model is designed to fly. A pylon racer or control-line racer may be 
extremely stable in straight and level flight but only partly stable during 
maneuvers. An aerobatic or stunt plane will be stable regardless of which 
direction it is being flown (relative to the ground), but it may be rather 
sensitive to control in straight and level flight. 

The “rudder” on virtually any aircraft has a teardrop or symmetrical 
airfoil shape, although a flat plate shape is sometimes seen on simple 
balsa wood models. This symmetrical shape ensures that the air passing 
over the rudder will have equal forces on both sides to give the aircraft 
right and left stability. The horizontal "stabilizer” on many early aircraft 
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also had a symmetrical airfoil shape; however, some modern designs and 
many free-flight models have a stabilizer with a flat-bottom airfoil shape 
to produce a certain amount of “lift” at the rear of the aircraft during 
flight. In general, though, the shape of the airfoil on the horizontal 
stabilizer is designed to produce an air flow that will give the aircraft up 
and down stability. 

An airplane is often maneuvered into positions where “up” and 
“down” become meaningless, so some special terms have been applied to 
describe its movements or stability about itself. The aircraft’s movements 
to the right or left are called “yaw” or “directional stability”. The aircraft’s 
movements up or down are called “pitch” or “longitudinal stability”. The 
aircraft can also move in a third dimension or plane when it leans 
(“banks”) to the left or right. This movement on an axis through the 
aircraft’s fuselage is called “roll” or “lateral stability”. Most airplanes also 
have their wings angled upward at the ends (when viewed from the front 
or rear of the airplane). When the wings are angled upward the effect is 
called “dihedral”. The dihedral helps to translate the “yaw” produced by 
the rudder movement into a banked turn. That extra lift on the “upper” 
wing turns the aircraft and keeps it from slipping through the air 
sideways like a skidding automobile. Again, stunt planes and other 
aerobatic aircraft that are expected to fly upside down as well as they do 
right side up will have zero degrees of dihedral or perfectly straight wings 
when viewed from the front or rear of the fuselage. They use ailerons to 
produce a banked or coordinated turn. The aircraft’s “center of gravity” 


Fig. 2-5 The “yaw”, “pitch”, and “roll” axes of any aircraft cross each 
other at the center of gravity. Courtesy Estes Industries, Inc. 
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also has a rather profound effect on the stability during in-flight perfor- 
mance. If the plane were heavier on the left than on the right, it would 
tend to fall or bank toward the “heavy” side. You can sometimes increase 
the stability of a control-line model by adding just a bit of weight to the 
wing opposite the control lines, but there is an even greater force being 
effected by the control lines (and centrifugal force). If one wing of a 
radio-control aircraft model is heavier than the other, you'll have to adjust 
the controls constantly during flight to compensate for that offset center of 
gravity. In general, every effort must be made to be certain that the 
aircraft will balance if you hold a finger on the nose and another on the tip 
of the tail. 

The center of gravity is the point where the roll, pitch, and yaw axis 
(lines) intersect. It’s quite literally the pivot point for any movement that 
the aircraft makes while in flight, and it can have a pronounced effect on 
the aircraft’s stability. The arrow or dart concept that we used to describe 
the importance of the rudder and stabilizer on the aircraft’s stability 
applies equally to the center of gravity. Like the arrow or dart, an aircraft 
should have a center of gravity slightly forward so it is a little “nose 
heavy” for maximum stability in normal level flight. A full-size air- 
plane, an airliner, or a speed-record aircraft should be designed for as 
much level stability as possible with (as is the case with the model) the 
center of gravity slightly forward. You can determine the center of gravity 
along the pitch axis by holding the aircraft with one finger on each of the 
wing tips. Move your two fingers forward toward the nose of the plane or 
back toward the tail until the plane will rock steadily and level between 
your fingertips. The correct center of gravity should be indicated on the 
plans; if not, then experiment with its location for best flying stability— 
try locating it about one-third of the wing chord back from the leading edge 
of the wing. 

You can alter the center of gravity on any aircraft by simply adding 
some lead fishing weights or pieces of wire solder as close to the extreme 
nose or tail of the aircraft as possible. You may be able to replace the 
propeller’s spinner with one that is a bit lighter or heavier, or you can add 
or remove a tail wheel or tail skid to alter the amount of weight on the 
nose or tail of the model without adding much excess weight. If the model 
is equipped with a radio-control receiver, batteries, and servo motors, you 
can make some drastic changes in the center of gravity by moving one or 
more of those radio components toward the front or rear of the fuselage. 
You may even be able to substitute lighter or heavier weight servo motors 
to help change the weight distribution and center of gravity. Do not even 
consider moving the wing's position on the fuselage to alter the center of 
gravity (unless you're a qualified aircraft design engineer), or you may 
destroy the model’s in-flight stability. 
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Fig. 2-6 When the center of gravity is too far to the rear, the aircraft will stall (center). 
The correct path is shown at bottom. 


Searching for CG 

Almost any model aircraft, even a control-line stunt plane or a 
radio-control jet, should be stable enough to glide to the ground without 
engine power. A sailplane will, of course, travel much farther than a 
scale-model World War II fighter, because the fighter relies on its 
relatively heavy engine to sustain its air speed. A strong hand launch, 
from about shoulder level, with the model’s nose aimed down slightly 
should provide enough power to keep any model aircraft from heading 
nose first into the ground. Some large radio-control and competition 
models are exceptions to this rule, but that’s something for later. If you 
built the model according to the kit instructions, you should find that the 
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wings are in perfect alignment with the horizontal stabilizer and that the 
rudder is perfectly vertical. The instructions may also suggest where the 
center of gravity point must be (actually the “pitch” axis is sometimes 
referred to as the "center of gravity”) so you can add as much weight as 
needed to bring the model into the designer’s specifications. You should 
also temporarily lock any controls that operate the movable elevator (on 
the rear of the stabilizer), the ailerons (on the rear of the wings), or the 
movable portion of the vertical stabilizer (the rudder) so the model will fly 
straight and level. Most control-line models have a rudder with a 
permanent right or left set, so you may have to do without a test glide to 
settle for a hand-held balance test for the center of gravity. 

To test glide the model (to determine if its center of gravity is located 
correctly), give the model a healthy launch into the wind with the model’s 
nose pointed just slightly downward. Hold the model as close to the center 
of gravity as possible when you release it. If the model glides to a smooth 
landing on its landing gear or skid, then the center of gravity is probably 
good enough for at least a few test flights. If the model dives down to land 
on its nose or propeller, then the center of gravity is probably too far 
forward, and some weight will have to be removed from the nose. If the 
model glides upward and stalls, then there is too much weight in the tail 
(center of gravity is too far to the rear), and you'll have to add some weight 
to the nose. It’s also possible that you could have caused the model to stall 
during that test glide by throwing it too hard into the wind or by throwing 
it upward rather than slightly down; try it again to be sure, before you add 
or remove weight. 


Complete Control 

We have deliberately left until last the discussion of control surfaces 
that will allow you to alter the aircraft’s movements in flight. Far too 
many modelers try to correct an aircraft model’s apparent lack of stability 
by simply changing the position or angle of one of the movable surfaces. 
No airplane is going to fly efficiently in a maneuver if it is not stable in 
straight and level flight. The principles of flight we have discussed apply 
to the aircraft during virtually all stages of flight, regardless of where the 
ground or horizon may be. The control surfaces at the rear of the airplane 
that help provide most of its stability would, logically, be the ones to use to 
alter its course through the air, and that’s generally just how it’s done. 

The term “rudder” applies to the entire vertical surface on the 
aircraft, including the movable or trimmable portion. The front of the 
vertical surface is sometimes called a “vertical stabilizer” to help avoid 
the confusion that arises when you are referring only to the non-movable 
portion of the vertical surface. When the rudder is pivoted left, the 
airflow over the surface is altered in a manner similar to the “angle of 
attack” we discussed relative to wings. The air pushes harder on the 
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Fig. 2-7 The movable control surface on the vertical stabilizer is called the “rudder”. 


Right rudder produces a right turn. Courtesy Estes Industries, Inc. 


protruding face of the rudder, and a partial vacuum is created on the 
opposite side to turn the aircraft effectively. Remember, though, that the 
actual pivot point is the “yaw” axis or the center of gravity. 

The “elevator” is the movable surface on the horizontal stabilizer. 
That same “angle of attack” effect acts on the elevators to pivot the nose of 
the aircraft upward when the elevators are angled upward. The aircraft 
pivots downward when the elevator is pivoted into its downward position. 
The aircraft pivots up or down around its “pitch” axis (again, the center of 
gravity). 
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Fig. 2-8 The movable control surface | 
at the rear of the horizontal stabilizer 
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Fig. 2-9 The movable control sur- 

faces at the rear of the wings that 

control roll are called “ailerons”. 
Courtesy Estes Industries, Inc. 


An aircraft must be banked into a turn like a motorboat to keep the 
airflow from sliding out over the wings as they move sideways through 
the air. It is possible to turn an aircraft without banking it, but the speed 
of the turn must be very slow. You can keep the speed down by either 
flying at a relatively slow speed or by making the turn with an extremely 
large pivot radius so that it is little more than a gently curving straight 
flight. This type of turn is perfectly acceptable for a sailplane or a 
free-flight model. When you are attempting to perform quick and clean 
aerobatic maneuvers with a radio-control aerobatic glider or a powered 
radio-control aircraft, you must use some type of banking turn to 
duplicate the maneuvers of the real aircraft. Virtually every full-size 
aircraft including full-size sailplanes, has some type of banking control for 
the turns. Small control surfaces on the rear edges of the wings (the 
ailerons) control the banking in either a turn or when flying straight. If 
the plane is banked in straight flight and that “banking” is allowed to re- 
main, the aircraft will roll over along what is appropriately called the 
“roll” axis. Roll is often used to enter inverted flight with full-size aircraft, 
and it is one of the maneuvers possible only with radio control on a model 
aircraft. The ailerons work in pairs, with the left one going up while the 
right one goes down (for a counterclockwise roll or bank) and the right one 
going up while the left one goes down (for a clockwise roll or bank). 

There are sometimes some additonal flaps or control surfaces on the 
wings of both models and full-size aircraft. Many sailplanes, for instance, 
have at least one movable control surface on the top of each wing. These 
are “spoilers” that are flipped upward by one of the radio-control servos. 
The spoilers are down for most of the flight’s duration but, when the flier 


26 Building and Flying Model Aircraft 


is ready for the aircraft to descend, he or she will trigger the spoiler 
release mechanism so the spoilers are raised. This "spoils” the lift at the 
wing and allows the aircraft to lose altitude in a gentle and controllable 
manner. A “dethermalizer” on a free-flight aircraft may appear in a 
similar form of movable control surface (some free-flight models have 
spring-loaded horizontal stabilizers that flip up to act as dethermalizers). 
This type of dethermalizer is actuated by a fuse or timer. The dether- 
malizer on a free flight airplane will send it spiraling gently to the ground 


without it, the aircraft may just disappear into the clouds. 


Some full-size aircraft and a few exact-scale models may also have 
additional control surfaces along the the rear of the wing that serve as 
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"landing flaps”. These flaps are lowered to increase the lift of the wings so 
the aircrafts speed can be reduced. ‘Landing flaps appear on the scale 
model Corsair aircraft in Chapter 5. Some dive bombers, like the German 
Stuka and the American Dauntless, have “dive brakes” that serve to help 
stabilize the aircraft and to prevent excessive speed during dive bombing 
attacks. These dive brake flaps are also located along the rear edges of the 
wings. 

Lighter-Than-Air Paints and “Skins” 

None of the flying models in this book really qualify as lighter-than- 
air craft: that category is left for hot-air balloons. A minimum amount of 
weight and the effect of the airflow over the aircraft are, however, 
important considerations. The weight of the model and the movement of 
the air over it are affected considerably by the finish you apply to the 
model’s surface. Most full-size aircraft are covered with smooth metal 
riveted in place with “flush rivets” that are, indeed, flush with the 
surface. Few model aircraft have that smooth a surface when they are 
assembled. It is necessary to paint virtually any model’s wood, paper, or 
cloth surface to help keep it smooth, clean, and unaffected by any fuel 
spillage. The alternative to paint is to use one of the plastic “skins” or 
coverings like Top Flite’s “Super Monocote” or “Econocote,” Pactra’s 
“Solar Film”, “Coverite”, or Polk’s “Wing Skin”. The plastic material sold 
under most of these trade names is colored and super-smooth with little 
enough weight to be almost as light as any series of paint coats that would 
produce a similar finish. It takes several coats of sanding sealer paint, 
more coats of colored fuel-proof paint, and a final coat or two of clear 
fuel-proof paint to complete a truly smooth “painted” finish on most model 
aircraft. The plastic “skin” coverings are a one-coat (for one-color) job. 


Chapter 3 


‘Power Plants 


Natural and man-made flying machines require some type of energy to 
lift themselves into the air. The preceding chapter discussed the natural 
forces that help a bird or a properly designed aircraft fly; now it’s time to 
find out how man’s machines are used to help him fly. The engines used in 
flying model aircraft are generally two-stroke internal-combustion pow- 
er plants, but electric motors, powered by on-board rechargeable ni-cad 
batteries are becoming increasingly popular. The two-stroke engines 
include both diesels and conventional engines with single and twin 
cylinders, and there iseven a Wankel rotary combustion engine for larger 
aircraft models. The displacement of these engines ranges from tiny 
.020-cubic-inch for trainers and lightweight free-flight models allthe way 
up to 2.5-cubic-inch engines for the larger quarter-scale radio-control 
aircraft. The catapult-style “Hi-Starts” and tow lines, with both surgical 
tube “rubber bands” and electric winches for power, also fall into the 
category of “engines” or power plants. 


The Internal Combustion Engine 

A model aircraft may provide the opportunity for your first intimate 
acquaintance with the internal-combustion engine. You might as well 
make friends with the power plant, because you'll be spending a lot of 
time with it if you choose to build and fly model aircraft with this type of 
engine. There’s something far more charming than intimidating about a 
miniature engine that allows those who never touch the hood release on 
their automobile to be able to rebuild a model airplane engine blindfolded. 

The two-stroke engine in a model airplane operates on the same 
principles as the two-stroke engine you may have in an off-road motorcy- 
cle, lawnmower, or chain saw. The fuel and air mixture is fed into the 
crankcase through some type of carburetor. The “carburetor” may be just 
a small passage or port beneath the tip of a needle valve with a knurled 
knob on a .020 or .049 engine. The air for these engines is simply drawn 
into the crankcase through a hole or port in the side of the cylinder. That 
same hole serves as an exhaust port when the piston is on its downward or 
“power stroke”. A thin sheet metal or plastic “reed valve” is installed over 
the fuel inlet port inside the crankcase. The reed valve is spring-loaded to 
be closed until there is sufficient vacuum in the crankcase to pull it open 
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Fig. 3-1 The internal components of a typical two-stroke model aircraft engine (a Cox 
“Babe Bee” .049). Courtesy Cox Hobbies. 


and, at the same time, to pull fuel past the needle valve from the fuel 
tank. The reed valve is pushed closed by its own spring pressure and by 
the force of the compression beneath the piston when the piston moves 
down the cylinder. The larger engines and engines intended for radio- 
contro] models usually have the carburetor mounted on the crankcase. 
The carburetor functions much like the one on your car to mix the proper 
quantities of fuel and air for any engine speed, and it has a throttle for 
speed control. The engine produces its power by igniting the mixture of 
fuel and air in the combustion chamber between the top of the piston 
(when the piston is at the top of its upward stroke) and the bottom of the 
cylinder head. The burning gases force the piston downward, and the 
crankshaft transfers that energy into the torque that turns the propeller. 
Enough heat is generated by the compression of the fuel/air “gas” in 
the combustion chamber to keep the glow plug in the cylinder head red 
hot all the time the engine is running. The heat of the glow plug, 
combined with the heat of compression of the gases, ignites those same 
fuel/air gases. The burning gases expand almost instantly to force the 
piston back down the cylinder bore to create the “power stroke”. The 
piston’s travel back up the cylinder to pull the fresh fuel and air into the 
crankcase is called the “compression stroke”. That expanding fuel/air gas 
is not really an explosion, just a rapid burning and release of energy; an 
explosion would blow a hole in the tip of the piston or blow the cylinder 
head off the engine. If you use the incorrect type of fuel for your model 
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STROKE 1: POWER, EXHAUST, FUEL TRANSFER 


POWER STROKE POWER STROKE 
AND EXHAUST 
A — REED VALVES 
B —EXHAUST PORT 
C — TRANSFER PORT 


STROKE 2: COMPRESSION 
AND INTAKE 


POWER STROKE AND COMPRESSION STROKE 
FUEL TRANSFER AND INTAKE 


Fig. 3-2 A cutaway view of the operation of a two-stroke engine. The crankshaft is 
rotating one turn clockwise. Courtesy John Deere. 
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aircraft engine, or decide to mix your own for more more power, you may 
very well cause just such an explosion in the combustion chamber! 

The engines that have glow plugs that glow only when the engine is 
being started (or no glow plugs at all) are the only true “diesel” engines. 
That steadily glowing glow plug acts merely as a conventional type of 
ignition system that is “timed” by the compression of the fuel/air gases to 
ignite the mixture. In a true diesel, only the compression of the fuel/air 
gases is used to ignite these same gases. When the word “diesel” is added 
to the term “two-stroke”, the type of engine that is being described has 
neither a spark plug nor a glow plug. 

A simple “two-stroke” (no diesel) is an engine that usually has a 
spark plug that is ignited only once each time the piston moves upward. A 
distributor, magneto, or capacitive discharge system generates and times 
the spark so it will flash across the wires on the engine end of the spark 
plug to ignite the fuel/air mixture in the combustion chamber. The wires 
are large enough so that they do not glow; they spark only when “told” to 
do so by the engine’s ignition system. That spark is timed to occur just 
before the piston reaches the top of its travel to gain the maximum 
amount of power from the burning fuel and air mixture. The Wankel 
rotary combustion engine operates on a similar principle to the two-stroke 
in that it has no valves (the four-stroke engines in most automobiles have 
at least two valves for each cylinder). The Wankel utilizes a triangular- 
shaped piston that tumbles around inside the cylinder to drive its 
crankshaft. 


Starting Techniques 

Almost every modeler has trouble starting the engine in a model 
aircraft, and the reason is almost always the same: a step was skipped 
somewhere along the way. A new engine often won’t start without a dozen 
tries to get the glow plug working properly and enough fuel-soaked oil 
into all the cavities. Once the engine has been run once or twice, however, 
it should start with just two or three flicks of the propeller (or against the 
wind-up spring, if one is fitted). The “Engine Trouble-Shooting Chart” 
(Fig. 3-9) will tell you what to look for if there really is a problem; but go 
over the starting sequence carefully and systematically to find out where 
there was “pilot error” before you blame the machinery. Part of your 
responsibility in starting the engine lies in seeing that all the mechanical 
elements are functioning properly, and the “Engine Trouble-Shooting 
Chart” can be a help for that initial phase of starting any engine. 

The first step in starting the engine is to fill the fuel tank with the 
correct fuel mixture for the engine you are using. The engine will include 
instructions on the selection of the proper fuel. When the tank is full, turn 
the needle valve in (clockwise) until you can just feel it bottom, then turn 
it out the number of turns specified in the instructions furnished with the 
engine. You may have to turn the needle valve back in a turn or two to 


Fig. 3-3 Fill the fuel tank until you can see the fuel squirt out the breather hole in the 
fuel tank. 


Fig. 3-4. Connect a new battery to the glow plug with the special clip provided in most 
“starter” kits. 
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compensate for the lack of oxygen (you'll need less fuel because there’s 
less air) at altitudes over 5,000 feet. Next, squirt a dozen drops of fuel into 
the open hole or port in the side of the cylinder while you turn the 
propeller over by hand. This will pull fuel into the crankcase and the 
cylinder head to “prime” the engine. 

You'll have to work quickly, once the engine is primed, to take 
advantage of the available “extra” supply of fuel. Never connect the 
battery to the glow plug while you are adding fuel to the tank or priming 
the engine, because the fuel may catch fire. Most of the model airplane 
fuels burn with an invisible flame, so be extra careful! When the battery is 
connected, rotate the propeller against the return spring (if the engine has 
one) and give at least one full turn in the opposite direction to let the 
propeller spin to start the engine spinning a few turns. If the engine fires 
and begins to turn, adjust the needle valve to keep it running, remove the 
battery clip from the glow plug, and watch out for that spinning propeller! 
If the engine stops when the battery clip is removed, close the needle valve 
a half-turn and try it again. If the engine still fails to turn or start, go back 
to the beginning of the starting sequence and try again. If the engine is 
thoroughly flooded with liquid fuel, you can help clean it out by blowing 
through the cylinder ports while you slowly turn the propeller; when it’s 
dry, try to start it again immediately without any additional priming. 


Fig.3-5 Many engines have a special coil spring starter. Hook the starter spring over the 
propeller. 


Fig. 3-6 Hold the propeller against its starter spring until you are ready to start the 
engine, then release it. 


Fig. 3-7 Hold the airplane with one hand while you adjust the needle valve screw with 
the other hand to obtain smooth engine operation. 
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Fig. 3-8 The K&B/Veco .19 engine (left) has a carburetor built into the crankcase. The 
K&B .21 engine (right) has a separate Perry brand carburetor. 


If the engine has started, turn the needle valve to adjust the engine 
speed. Turning the valve in (clockwise) speeds up the engine, while 
turning it out (counterclockwise) slows the engine. You'll have to judge 
the engine speed by the sound, and you may kill the engine once or twice 
before you get the knack of adjusting its speed properly. The starting 
setting on the needle valve should produce a relatively slow engine speed 
with a rough, sputtering sound. Let the engine run for about 60 seconds to 
warm it up. It’s actually hot enough to burn you, so be careful! When the 
engine is warm, slowly turn the needle valve IN and listen for the engine 
speed increase that should occur with each half-turn of the valve. When 
the engine reaches its peak and the next half-turn causes it to slow, you’ve 
gone far enough; now turn the needle valve back OUT a full turn to slow 
the engine a bit below its peak. The engine will then be running just a bit 
rich (too much fuel for the available air supply), but the mixture should be 
just right when the aircraft is in the air with the engine pulling its load. 

Here’s the tricky part of starting any engine: you won't ever be 
certain that those initial needle valve settings made before the engine 
started are correct. You may find that the engine starts running at almost 
its peak speed the first time it fires. The only way to be sure of what’s 
happening is to learn to hear and feel the effect of turning the needle 
valve on the engine speed and to be aware of whether the engine is 
obviously getting far too much fuel. If it’s getting too much, it will be 
spitting raw fuel out the ports in the cylinder while it is running. If a 
half-turn IN on the needle valve makes the engine run slower instead of 
faster, then you've gone beyond the optimum setting, and it’s time to start 
turning the needle valve back out that single turn or less. 
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When it’s time to restart a warm engine, a slightly different proce- 
dure must be followed: Refill the fuel tank. Open the needle valve one full 
turn beyond the setting where the engine was running. Do not add the 
“primer” fuel to the cylinder ports, because the hot cylinder might ignite 
the raw fuel! Go directly to the battery connection step, turn the propeller 
against its spring, start the engine, and disconnect the battery clip to the 
glow plug. The needle valve can now be turned back in a full turn to its 
correct running position. 


Trouble 
Engine won't start 


Engine runs for a 
short burst only 


Engine stiff or kicks 
back 


Engine runs back- 
ward 


Engine is low on 
power 


ENGINE TROUBLE-SHOOTING CHART 


Probable Cause Remedy 


Poor electrical connections Clean glow plug and wire clip. 
Remove and install both wires 
to starting battery 

Weak battery Use only a fresh lantern battery 
(not the “A”-size sold with 
some “starter sets”) 

Cylinder head or glow plug Tighten both with wrench supplied 


loose with engine 
Fuel line blocked or bent Check and clean fuel line 
Burned-out glow plug Remove head, connect battery to 


glow plug as you would to start, 
and see that wire inside glow 
plug really does have an 


& orange glow 
Engine flooded Close needle valve one turn 
Engine needs more fuel Open needle valve ¥2 turn and 
restart 


Check for a full fuel tank 
Check for a clogged or bent fuel 


line 
Engine flooded to the point Close needle valve and turn 
of being full of liquid fuel propeller until engine clears 


itself, then adjust needle valve 
and start again 


Engine started without Throw a rag into spinning 
proper use of spring-loaded propeller to stop engine and 
starting devise restart properly 

See “Engine won't start” Usually the same remedies that 
causes cure starting troubles will cure 

lack of power problems 

Propeller loose Tighten propeller screw or nut 

Piston or cylinder worn Have a dealer replace piston and 

cylinder or buy new engine 

Engine too small size of Purchase a larger engine 
aircraft 


Fig. 3-9 
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Selecting the Proper Fuel 

Most model airplane engines are strong enough to withstand the use 
of special commercial blends of model airplane fuel intended for stunt or 
racing planes. A fuel with about 25-percent nitromethane (or less) is 
about as powerful a potion as you should use until you are completely 
familiar with the operation of both the airplane and its engine. The use of 
racing fuels may void the warranty on your engine, and prolonged use will 
very often burn out the glow plug. If you decide on racing fuel for more 
power, be sure to buy one or two spare glow plugs. The racing fuel may 
even be necessary to get some airplane/engine combinations to fly 
properly at altitudes above 5,000 feet. Cox “Flight Power”, Fox “Missle 
Mist”, and K&B “1000” are three examples of high-performance fuels that 
can increase the speed and power of your engine with a minimal chance of 
damage. These fuels increase the amount of heat the engine produces, and 
that extra heat can burn the glow plug wire through and cause severe 
damage to the working parts of the engine. A larger muffler will be 
needed, for most engines, if racing fuel is used. The all-out racing fuels, 
like Cox’s “Racing Fuel” and K&B’s “Speed Fuel”, can burn out a glow 
plug every flight. Most model aircraft fliers would be better off to fit a 
larger engine than to use racing fuel. If you do decide to run racing fuels, 
you can minimize the deposits the special oils in the fuels leave by 
running a half-tank of regular fuel through the engine every other flight. 


Fuel Tanks j 

Many of the .020-to-.049-cubic-inch displacement engines have a 
tank built right into the base of the engine. Most engines, however, 
require a separate fuel tank with a flexible fuel line connecting the tank 
and the engine. The optimum-size fuel tank should give a 5-to-12-minute 
flight. These sizes will give roughly that flight duration with “sports” type 
fuels: 2-ounce tank for a .10-cubic-inch (or smaller) displacement engine, 
4-ounce tank for a .19 engine, 6-ounce for a .29 to .40 engine, 8-ounce for a 
.45-to-.50 engine, and 12-ounce for a .60 engine. The tank should be 
mounted so the centerline of the tank is a quarter of an inch below the 
centerline of the aperture where the fuel is injected into the carburetor 
(or, in the case of the smaller engines, where the fuel is fed directly to the 
crankcase, a quarter inch below the level of the fuel port). 

The instructions furnished with most tanks describe how to install 
the fuel pickup line with a lead weight or “clunk” to keep the line at the 
bottom of the tank regardless of how the tank may be tilted or inverted. 
The fuel line may have to be reinforced, on larger tanks, with a piece of 
the next-larger diameter fuel line over the regular fuel line. The telescop- 
ing piece of fuel line must be just long enough to allow the line inside the 
fuel tank to move to any wall of the tank. The reinforced fuel line will 
then be stiff enough so it cannot bend back over itself or kink in a sudden 
maneuver or when landing. 
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Fig. 3-10 The Homelite 2.6-cubic-inch 

displacement engine for large radio-control 

aircraft is sold through EWH Specialties. 
Courtesy Homelite. 


Mufflers 


Most model airplane engines are supplied with a muffler or at least a 
mounting area for one of the accessory mufflers and instructions on how to 
select the proper muffler to match the engine. The engine will produce a 
bit more power and a few hundred more revolutions per minute without a 
muffler, of course, but the price you pay for that extra bit of performance 
could very well be the right to fly model airplanes at all—it’s against the 
law, in most cities, to fly an unmuffled airplane. You are also irritating 
the citizens who can force laws to be passed to ban any type of model 
airplane flying. If you need more power, then use a racing fuel, or simply 
buy the next-size-larger engine. 


Choosing Engines and Propellers 

The chart in Fig. 3-11 will give you the basic combinations of aircraft 
size and weight, engine size, and propeller diameter and pitch (the angle 
of the individual propeller blades) that work best for most types of 
aircraft. The chart is not the absolute law in any of these areas, but it will 
give you a place to start if you are not certain which combination to use. 
Don’t try to outguess the manufacturer of your model airplane kit, 
however: if the manufacturer recommends a specific engine (and propel- 
ler), he probably has designed the entire model around that engine. An 
oversize engine can make the aircraft too nose-heavy, in spite of any extra 
power, so it will be unstable in flight. An oversize propeller or one with too 
much pitch can overload the engine and cause it to get so hot that it will 
weld itself together. 
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The best test for a proper propeller is to try it on the engine while you 
hold the aircraft stationary. Ifthe engine cannot reach peak speed (with 
the needle valve temporarily turned in for that peak speed), the propeller 
is probably too large or has too much pitch for that engine. If the engine 
has the power to pull it, the greater the propeller’s pitch, the faster the air 
speed. On the other hand, you may have to use a smaller pitch to provide 
enough power to get the aircraft through the grass at the flying field for 
take-off speed. The smaller pitch propellers are also one way to slow an 
aircraft down a bit while you learn to fly it. 

Most ready-to-fly aircraft are fitted with propellers made from nylon 
or a similar flexible and strong plastic. The nylon propellers will with- 
stand frequent nose-in landings without breaking, but they will fatigue to 
the point where their tips flex excessively. If you can see that the tips of 
the spinning propeller are moving more than a quarter-inch back and 
forth along the direction of the fuselage, the propeller should be replaced. 
Do not use any nylon propeller on an engine with a displacement larger 
than about .40 cubic inch. Wood propellers are more expensive than 
plastic ones and will break in a rough landing, but they are more efficient. 
Any wood or nylon propeller should be balanced by attaching it to a 
two-inch bolt the same diameter as the hole. Use a nut on each side of the 
propeller so about a half-inch of the bolt will stick out each side of the 
propeller. Let the ends of the bolt rest on your fingers so the end of the 
propeller is free to turn. Gently spin the propeller and mark the blade that 
stops in the down position. That blade is the heavy one, so sand or shave a 
few slivers off the face of it and repeat the process of spinning the prop 
until it coasts to a stop with a random order of which blade is at the 
bottom. There are several inexpensive commercial balancers that will 
make the job a bit easier than using the bolt and nuts. 


Electric Power Plants 

Electric motors may be the answer to the aircraft modeler’s prayer for 
quiet flight. An electric-powered model aircraft is silent—and that is 
sometimes enough to allow it to be flown anywhere there’s room to fly a 
kite. There are plenty of electric motors available with as much power and 
speed as two-stroke engines, and the electric motors may actually be 
lighter than engines with similar performance. The electric motors must, 
however, have onboard ni-cad rechargeable batteries for power; and the 
batteries do increase the total weight of the aircraft considerably. So far, 
the weight penalty of the batteries has limited the use of electric motors to 
models that are flown like free-flight aircraft; the electric motor is used to 
gain as much altitude as possible and the “energy” of gravity and air 
currents are used to perform aerobatic maneuvers or simply to prolong the 
duration of the flight. The electric motor and battery combination is light 
enough to allow the use of two- or three-channel radio-control on the 
aircraft. The lighter weight of two-channel radio receivers and the newer 


SUGGESTED ENGINE AND PROPELLER SIZES 


Liquip FUEL ENGINES 


Engine Size Propeller Size in inches 
Type and Size of Plane (cubic inches of displacement) (diameter x pitch) 
24- to 36-inch wingspan, 
8- to 12-ounce total weight 
For free flight .010 8S We 
and radio control to 3 x 1⁄4 
(e.g., Flyline’s “Luton Minor”) .020 4V2 x 2 
For control line and ‚010 4%2 x 3 
control-line stunt to AV2 X 4V2 
(e.g., Testors “Cosmic Wind”) .020 
36- to 60-inch wingspan, 
12- to 16-ounce total weight 
For free-flight, radio-control .020 4⁄2 x 2 
powered sailplanes, and control- Ava x 3 
line aircraft 4V2 X 4V2 
x3 
5x4 
.049 52x4 
to 6x2 
.059 6x3 
6x4 
.061 TAR 
to aa 
‚100 7x6 
36- to 60-inch wingspan, 
16- to 48-ounces total weight 
For powered radio-control 15 8x4 
aircraft to 8x5 
.19 8x6 
.19 9x4 
to 9x5 
.29 9x6 
10x4 
10x5 
10 x6 
36- to 60-inch wingspan, 19 8x6 
48- to 54-ounces total weight to 9x4 
35 9x5 
9x6 
10x 4 
10x5 
10x 6 
35 9x6 
to 10 x 4 
45 10x5 
10 x6 
11x4 
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Engine Size Propeller Size in Inches 
(cubic inches of displacement) (diameter x pitch) 


11 x5 

11 x6 

60- to 72-inch wingspan, 45 10 x6 
54- to 96-ounces total weight: to 10 x7 
61 10 x 8 

11 x5 

11 x6 

P S Ty 

12x4 

12x5 

12 x6 


Type and Size of Plane 


ELECTRIC MOTORS 


Propeller Size in Inches 
Type and Size of Plane Motor Size (diameter pitch) 


200- to- 300-square-inch wing area, Astro Flight 

7- to- 15 ounces total weight 020 to 7 x 3% 
250- to- 350-square-inch wing area, Astro Flight 

15- to- 35 ounces total weight 050 7x 83% to6x4 
300- to- 400-square-inch wing area, Astro Flight 

15- to- 35 ounces total weight 075 7x4 to 8x4 
350- to 600-square-inch wing area, Astro Flight 

up to 42 ounces total weight 10 8x4 to 7x 4% 
400- to- 600-square-inch wing area, Astro Flight 

up to 52 ounces total weight 15 8x4 to 8x5 
600- to- 800-square-inch wing area, Astro Flight 

up to 78 ounces total weight 25 9x6 

700- to- 800-square-inch wing area, Astro Flight 

up to 123 ounces total weight 40 10 x5 


Notes for Both Engines and Motors 


Engine size and/or propeller size or pitch must be increased at least one step for 
flying at altitudes exceeding 5,000 feet. 

One step upward in propeller diameter is approximately equal to one step increase in 
propeller pitch (i.e.: a 5 x 3 and a6 X 2 propeller should give almost equal 
performance). If the engine seems to lack the torque to turn a greater pitch, go 
to the next smaller pitch in the next larger diameter where possible. 

These are only suggested engine (motor) and propeller sizes; if the engine seems 
sluggish or will not reach normal speed in flight without overheating, go to a 
smaller diameter and/or a smaller pitch. These sizes are based on near-sea-level 
tests with muffled engines. 


Fig. 3-11 
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Fig. 3-12 The electric motor in this Cox "Electric Sportavia” is powered with a pack of 
eight rechargeable ni-cad batteries. 


ultra-small servo motors is, of course, the best combination for the already 
rather heavy electric-powered aircraft models. 

There are dozens of “one-evening assembly” foam plastic and simple 
balsa wood kits designed expressly for electric motors. The range includes 
both free-flight and radio-control aircraft of many full-size and model 
designs with both single and twin-engined (or-motored) types. Most 
free-flight power models and most radio-control models designed for 
fuel-powered engines can be converted to electric power with the use of 
the chart of “Suggested Engine & Propeller Sizes” (Fig. 3-11) under the 
“Electric Motor Size” heading. Astro Flight has numbered their electric 
motors (and most other brands use a similar system) to correspond with 
an equivalent fuel-burning engine’s power and speed. The ni-cad re- 
chargeable batteries do add between 4 and 35 ounces to the model’s 
weight, depending on the size of the motor. That battery “load” will give a 
sustained full-power flight of about five-to-seven minutes. The dealers 
and manufacturers who sell motors usually can provide charts to suggest 
which sizes and types of ni-cad batteries are best for each of their motors. 

The ni-cad (nickel and cadmium are the primary elements inside) 
batteries can be recharged in about 15 minutes with special chargers. The 
same firms that sell the motors offer the chargers. Most of them can also 
provide electronic speed controls for their motors if you do want to try 
three-or-more-channel radio control for reduced speed to prolong the 
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duration of the flight. The motors can be bolted or clamped to the firewall, 
and their simple shape lends itself nicely to a totally hidden installation 
for exact-scale models. The motor and the battery pack must, however, 
receive some airflow; a quarter-square-inch area scoop and exhaust is 
enough for an Astro 10, a half-square-inch is required for an Astro 25, and 
proportionally larger or smaller scoops and exhaust holes for the other 
motor sizes. 


Tow-Line Engines 

The easiest way of launching a glider is simply to throw it into the air 
with a snapping action and full-body follow-through much like that used 
for pitching baseballs. When the sailplane has a four-foot wingspan, 
however, the hand-launch method isn’t quite so practical. If you attach a 
150-foot nylon tow line to a hook slightly ahead of the center of gravity 
with the opening toward the rear of the model, you can merely run along 
the ground into the wind and the aircraft will pull itself into the air. This 
is the way most of the “free-flight” outdoor competition models are 
launched. The radio-control sailplane people have an even better way. 

The best way to launch a radio-control sailplane is to use one of the 
“mechanical” tow lines. The least expensive and best tow line for an 
individual is the rubber band style that is often called a “Hi-Start”. This is 


Fig. 3-13 The parachute and nylon line end of a typical “Hi-Start” tow line. The surgical 
rubber is still wound on the wood reel. 
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a 400-foot nylon monofilament line with another 100 feet of surgical 
rubber tubing with a stake to drive one end ofthe tow line into the ground 
and a loop on the other end to attach to the open-ended hook on the bottom 
of the model. The nylon line and surgical rubber tubing are tied together 
to form a single 500-foot tow line. The flier drives the stake into the 
ground and pulls his or her sailplane as far back against the tension 
(about 7-12 pounds for a glider with 72-to-100-inch wingspan) of the 
springy surgical rubber as possible. The sailplane is aimed into the wind 
with the stake end of the line directly upwind from the aircraft launch 
position. The flier then lets go of the aircraft, and the power of the rubber 
and the lift of the wings will carry the aircraft between 350 and 500 feet 
into the air. The radio transmitter can be used to adjust the wings’ angle 
of attack to achieve maximum lift, and the rudder control will keep the 
model headed into the wind. When the model flies directly over the tow 
line’s stake, the tow line loop will slip off the hook on the bottom of the 
fuselage. A small parachute is attached to the loop end of the tow line to 
allow the wind to help the hook disengage and to make it easier to find the 
end of the tow line on the ground. A spool or hand winch is often included 
to make it easier to store and unwind the tow line. The "Hi-Start” tow 
lines are available with heavy, medium, and light rubber for aircraft in 
the 16-to-40-ounce, 40-to-80-ounce, and over-80-ounce categories. The Cox 
“Launch Pail” and Astro Flight “Astro Start” are two examples of the 
typical “Hi-Start” tow line setups. 

If you have the money or can form a club to pool your resources, the 
electric launching winch like the one sold by Hi-Flight Products is the 


Fig. 3-14. The Hi-Flight Model Products’ 

electric winch (top) uses a foot treadle speed 

control (right) with a bicycle hub (left) 
pulley. 
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most efficient way of getting a radio-control sailplane into the air. The 
electric winch is driven by a 12-volt electric motor like an automobile 
starter motor with a 12-volt automobile battery for power. The actual tow 
line is twice the length of a rubber band-style “Hi-Start”, because the 
winch is located beside the flier, with the tow line extending out across the 
ground at least 500 feet (the distance can be as great as 1000 feet if you 
have the room). A pulley (actually a bicycle hub with ball bearings) is 
secured firmly to the ground, and the tow line goes back to the flier to 
hook onto the sailplane. The flier controls the action of the winch drum on 
the end of the electric motor shaft with a three-speed foot treadle. The flier 
hooks the tow line onto the sailplane and presses the foot treadle until the 
tow line is taut, then launches the model overhand into the wind while, at 
the same time pressing on the foot treadle so the tow line pulls the model 
aloft with the wing’s aerodynamic “lift” carrying upward as the cable is 
reeled in. With practice, the flier can maneuver the sailplane’s elevators 
by radio control plus the speed the winch is pulling in the tow line to send 
the sailplane upward at 45-degree angle to a height of about 500 feet or 
more. The complete rig sells for less than $200 plus the price of the storage 
battery. Most clubs mount the battery and motor/cable drum in a sturdy 
box to keep the mechanism clean and protect it during transit. It’s the 
very best way to get a radio-control sailplane into the air in a hurry. 


Fig. 3-15 The sailplane is launched with the flier’s foot on the speed control treadle. A 
friend is holding the radio transmitter for this flier. 
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Fig. 3-16 The electric winch pulls in the tow line at precisely the rate of speed the flier 
desires to allow maximum lift and altitude. 


Chapter 4 


Fly-by-Wire 


More control-line model airplanes are sold then those in any other single 
category. The primary reason for the popularity of this segment of flying 
model aircraft is price; you can get a powered, remote-control, flying 
model aircraft into the air for between $15 and $25. The major disadvan- 
tage of the control-line flying (also called “U-control” flying) is that the 
aircraft is always flying in some type of circle around you. That’s not such 
a bad thing, if you think about it, because it keeps the aircraft well within 
sight and not all that much closer than you might fly a “trainer” type 
radio-control model. For an experienced flier, the flight area is not really 
confined to a circle, but to a dome, or hemisphere with an altitude directly 
over the flier’s head as great as the length of the control lines. Stunt 
planes can do anything around the periphery of that dome, and even a $15 
ready-to-fly can do some aerobatic stunts, including “wing overs” with a 
path directly overhead. Control-line models, then, have a “universe” 
almost the same shape as that for a radio-control or free-flight model, the 
only difference being that the edges of that control-line “universe” are 
well within the sight of the flier. 


The Flight Line School 

There is only one control for most control line aircraft; the up and 
down movement of the elevators on the stabilizer. The rudder is set so the 
aircraft will always pull away from the flier (to help keep the control lines 
taut). The engine is set to run at full throttle, but the aircraft’s speed will 
vary considerably, depending on the prevailing wind speed and whether 
the model is climbing or diving. Some of the more experienced modelers fit 
a third control line to regulate the throttle to adjust engine speed, but 
that’s something to save for your fourth or fifth control line model. The 
two control lines are rigged so the aircraft will climb when you pull back 
on the hand lever to move the upper line toward you. The model will dive 
when you pull the lower line toward you with the control lever. 

You cannot make any adjustments to the model aircraft or to the 
controls after the model is flying, so it’s most important that you get 
everything right before takeoff. The engine should be completely broken 
in before you fly the model. You can break the engine in by running two or 
three tankfuls of fuel through it (letting it run long enough to consume 
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Fig. 4-1 Have a helper hold the model, with its engine running, while you hold the 
control handle for takeoff. 


each tankful). Adjust the needle valve, as described in Chapter 2, so the 
engine runs at least a half-turn below the setting for peak engine speed. 
This will make the fuel/air mixture a bit rich for on-the-ground operation, 
but that should provide the extra fuel (and the extra oil that’s mixed in 
with the fuel) to keep the moving parts well lubricated and cooled. Be 
certain, of course, that the propeller is on for these break-in periods. It is 
most important that the needle valve be adjusted for peak engine speed 
minus a half-turn every time the engine is started. The exact setting will 
change, as the engine loosens up and the surfaces begin to wear in. You 
may even have to adjust the needle valve while the engine is running 
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through those break-in periods. Adjust the control lines on the control- 
line handle so the handle is perfectly vertical when the elevator on the 
aircraft is in its neutral or level flight position. 

Do not expect your control-line model to perform any type of stunt 
the first few times you fly it. The secret of real control, with control-line 
flying, is to keep every movement slow and deliberate with the same kind 
of care you’d take when walking on ice. Hold your arm straight and firm 
at the elbow and wrist so you can actually sight down your arm and 
straight on across the top control line to the aircraft. The movement ofthe 
control handle should come from the up-and-down movement of your 
entire hand and arm, pivoting at your shoulder! After at least a hundred 
flights, you'll begin to have enough experience to know when a very slight 
amount of wrist movement can be added to that arm and shoulder pivot 
for some of the very quick and sudden aerobatic maneuvers. 


Your First Solo 


Have a helper hold the aircraft while you get ready for takeoff. When 
you're certain the controls are working properly and that the engine is 
running properly, point toward the right to signal your flight crew to 


Fig. 4-2 Adjust the length of the control lines so you can hold the control handle vertical, 
with the elevator horizontal and both lines taut. 


a 
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release the model. Circle the flying field three or four times to gain those 
first three or four feet of altitude. Let the model decide when to takeoff 
even if it takes 25-to-30 feet to gain enough speed. If you find you must 
move the elevator, try raising your arm only about an inch and give the 
model a lap to see what its responses may be. If you can fly through an 
entire tank of fuel without allowing the model to change altitude more 
than an inch ata time, your first solo flight is a success. 

When the model runs out of fuel, it will glide to the ground on its own 
if you follow it down by sighting quickly along your arm. Try to keep the 
control handle as near vertical as possible so the elevator will remain in 
the neutral or level flight position. The aircraft’s reduced flying speed will 
automatically decrease the “lift” generated by the wings, so it will loose 
altitude without any correction in the controls. You may have to take 
several steps backward to keep the control lines taut as the aircraft’s 
speed decreases. 

The wind can be the greatest enemy the control-line modeler faces. 
It’s impossible to take off or land directly into the wind, because you’re 
flying in a circle. The solution should be obvious; never fly when the wind 
speed is any greater than five or ten miles an hour. If you are going to 
make a change in the elevator’s position, do so when the model is flying 
across the wind so the aircraft can respond and stabilize itself before you 
come around and head into the wind. When you do make any change in 
the angle of the elevator, remember to return the control handle to the 
vertical position immediately before the aircraft has time to make a 
complete loop out of a simple change in altitude. 

Keep any movement of the control handle very slight, and do it from 
the shoulder. The majority of crashes with control-line models are caused 
by too much elevator movement and too sudden overcorrection for that 
first mistake. Remember, you’re flying close to the ground, so you don’t 
have a lot of altitude to serve as a "safety zone” between the model and 
certain disaster. 


The Model Aerodrome 


The choice of flying site can make the whole sport more enjoyable. 
Try to find a place where you can take off and land on a hard surface like 
asphalt or concrete with about half to two-thirds of the area covered with 
grass about two inches high to provide some padding for those unplanned 
landings or crashes. If you have to choose, pick pavement and keep 
reminding yourself how important those slow changes in elevator position 
can be. Try to avoid tall grass that can tangle in the propeller and dirt 
that can find its way into the engine and the control lever and elevator 
hinges and pivots. Pick a site where the wind is the same at ground level 
and all the way to about 50 feet elevation. An open field or parking lot 
with no bushes or walls to partly block the wind is about the best flying 


Fig. 4-3 (left) Hold the control handle verti- 
cal and straight in front of you with your arm 
and elbow straight during normal level flight. 


Fig. 4-4 (below, left) Move your entire arm 

down slightly, without moving your wrist, to 

cause the aircraft to dive. (The elevator angle 
is exaggerated here.) 


Fig. 4-5 (right) Move your entire arm up 
slightly, without moving your wrist, to cause 
the aircraft to climb. 
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site. You’ll need an area almost a hundred feet in diameter to give 
yourself a little room to move around in the center of the circle and to 
allow the use of longer control lines after you gain experience. 


Control Lines 

The ready-to-fly airplanes like Cox and Testors in the “beginner” 
class can be flown in a circle as small as 15 feet in diameter. That’s a good 
place to start until you get the feel of keeping the control lines taut. These 
“beginner” models can be flown in circles as large as a 25-foot radius after 
you’ve mastered full control with the smaller circle. The smaller balsa 
wood “Beginners” or “Trainers” kits and the Cox type of ready-to-fly 
models with .049-cubic-inch (“Half A”) engines will perform nicely with 
25-to-30-foot-long control lines even during “stunt” type maneuvers. The 
competition events for these small aircraft use control lines as long as 60 
feet, but those models generally have larger engines and, therefore, much 
faster flying speeds. Control-line models with larger displacement en- 
gines can fly nicely with 60-to-70-foot control lines, but you can learn to 
control them a bit easier with 30-foot lines. Try increasing the lengths of 
the lines about 5 feet at a time, so you'll become familiar with the model’s 
response to the controls and to the wind with the longer lines with no 
totally unexpected changes. 


Fig. 4-6 Try to select a flying site that has at least a small area of hard dirt for a landing 
and takeoff strip. 
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Most ready-to-fly models are supplied with braided nylon strings for 
control lines. For aerobatic or stunt maneuvers, you should replace these 
lines with .008-inch multi-strand steel lines. Models with engines be- 
tween .051- and .15-cubic-inch displacement should be flown with .012- 
inch multi-strand steel lines, and models with engines up to .36-cubic- 
inch should have braided steel lines .018 inch or larger in diameter. If you 
fit the steel lines, then fit solid-steel “piano wire” leadouts from the bell 
crank lever inside the model to about an inch past the tip of the wings. 
These wires should be about twice as large in diameter as the recom- 
mended braided steel wire sizes. Bend loops and wrap the steel wire 
around itself off the ends of the wings. Hobby dealers sell special clips for 
the quick attachment of the braided steel control lines to those solid-steel 
“leadout” lines. Be extra careful when using the braided steel lines to 
avoid flying anywhere near telephone or high-tension wires, because the 
current from the high-tension lines can actually jump through the air for 
dozens of feet to reach those steel control lines. Check the control lines 
every time you fly to see that they are not kinked or frayed at the knots. 


Stepping Up 

You'll soon know if you’re going to “take to” control-line model 
aircraft as a sport. If you can master the controls and keep the lines taut, 
you'll soon be ready for “wingovers”, loops, figure eights, and other 
“stunt” maneuvers. Most of the basic maneuvers illustrated in Chapter 12 
for competition flying are based on the simple basic patterns shown in this 
chapter. Unfortunately, very few of the plastic ready-to-fly models are 
capable of inverted flight. Your first “step-up” should be the purchase of a 
propeller with more pitch to increase the speed of your existing model so it 
can at least climb straight up for the beginning of a loop or wingover. In 
time, though, you'll reach the full performance potential of your first 
aircraft and desire something with a bit more aerobatic performance. 
Several kits will accept the .049 engine from the Cox almost-ready-to-fly 
aircraft if you add the Cox bolt-on fuel tank to the rear of the engine. The 
Testors .049 engines must be fitted to a special bulkhead that is not 
included in any kit. Testors offers a set of plans for their own “Ambush” 
that can be made from sheet balsa and plywood, but even that model will 
not accept the engine from the Testors ready-to-fly planes. The “Ambush” 
is designed for the .049 Testors “8000” engine with integral fuel tank or 
for the similar Cox .049 engines. If you don’t want to build from a kit or 
from balsa wood and plans, your choice of a second control-line model 
might well be a simple almost-ready-to-fly kit like the Cox “Super 
Stunter” with a molded plastic fuselage and tail and foam plastic wings. 
This model can be assembled in about an hour. 

Don’t be scared by the fact that a model is a “kit”. The models with a 
solid sheet of balsa for the fuselage and similar flat sheets (but thinner) 
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Fig. 4-7 The plans for Testor’s “Ambush” specify all the materials. It’s a nice “second” 
aircraft. Photo courtesy the Testor Corporation. 


Fig. 4-8 The Sig “Buster” is a “profile” type of “trainer” balsa wood kit that can be 
assembled and painted in a single evening. Photo courtesy Sig Manufacturing Co. 


54 


Fig. 4-9 The fuselage on the Carl Goldberg No. G25 “Flying Tiger” kit is a sheet of balsa, 
but the wing hasa true airfoil with ailerons. Courtesy Carl Goldberg Models, Inc. 


Fig. 4-10 This P-51 Mustang kit, from Sig, has modified proportions so it will fly better as 
a model than the real thing. Courtesy Sig Manufacturing Co. 
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Fig. 4-11 This Sig “Smith Miniplane” can be assembled as either a radio-control “sport 
scale” or a control-line “scale” model. Courtesy Sig Manufacturing Co. 


for the wings, rudder, and stabilizer can be assembled by most 10-year- 
olds in two to three hours. The assembly techniques using cyanoacrylate 
cements like “Hot Stuff” and baking soda that are described in Chapter 9 
allow you to assemble the model almost as quickly as you can push the 
parts together. The surfaces need only a light five-minute sanding to 
round the leading edges and to remove any rough spots. Spray cans of 
fuel-proof colored and clear paint make finishing just about as easy. You'll 
have to wait overnight for the paint to dry, but that’s the only delay in the 
“three-hour” completion time. If you want to do some building, similar 
kits are available with the balsa wing spar and rib construction and tissue 
or, better, “Super Monocote” plastic covering. The very best stunt aircraft 
usually have flat balsa fuselages (called “profile”) and balsa and spruce 
wings for maximum strength under the extreme “g” loads (several times 
the effect of gravity) that true competition aircraft models must withstand 
during their maneuvers. 


Simple Stunts 

If you own an aircraft with plenty of power (with an .049 or larger 
engine) and symmetrical wings that will allow inverted flight, you have 
the basic equipment to be a model aircraft stunt flier. The main missing 
ingredient is the skill that stunts require. Stunts must be learned a step 
at a time, if you expect to avoid crashing. First, know your aircraft well 
enough to be able to fly it perfectly level at about a 4-to-6-foot height. 

Your first aerobatic or stunt maneuver should be a “partial wing- 
over”. When the model is at a right angle to the wind, move your arm up 
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Fig. 4-12 Learn to fly at a 4-to-6-foot elevation with complete control regardless of slight 
wind gusts. Courtesy Cox Hobbies. 


smoothly to make the model climb sharply at about a 25-to-30-degree 
angle. Bring your arm back straight while the model flies higher for half 
of the circle. When it comes on around and heads for the ground, pull it out 
of its shallow dive with the same movement you used to send it upward. 
That second movement should bring the model back to the same level it 
was on the opposite side of the circle when you started the maneuver. 
Practice this one until you can do the “partial wingover” for precisely half 
the circle with the model beginning and ending the maneuver at precisely 
the same altitude. Precise control is what stunt flying and combat 
maneuvers are all about. 

When you get that shallow “partial wingover” down pat, try it with 
the half-circle flight at about a 45-degree angle to the ground. When that 
maneuver is perfected, increase the angle on each try until you are flying 
the model directly overhead in a true 90-degree vertical wingover. You’ll 
learn faster and have more precision if you fly level for a few laps to 
regain your confidence and equilibrium. Putting several stunts back-to- 
back in a sequence is something for the experts; for now, you want to learn 
to control the aircraft with complete confidence. 


Fig. 4-13 The “Partial Wingover” is the first stunt-flying maneuver. The 
length of the control lines is shortened in these views. Courtesy Cox Hobbies. 
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Fig. 4-14 Make the upward portion of the partial wingover 
steeper and steeper until it is truly vertical; a "wingover”. 
Courtesy Cox Hobbies. 


The inside loop is one ofthe basic stunt maneuvers. Many ofthe more 
complex patterns are based on the control perfection you learn with this 
fundamental. This one isn’t accomplished by just setting the elevator at 
“hard up” and hoping; you'll need a gentle upward path to bring the 
aircraft into the loop and out of it. The top of the loop must be a bit tighter 
to help the plane maintain as much of its speed as possible during the 
critical transition from normal to inverted flight. This is the time to begin 
thinking as though you really were inside the aircraft, so you won't 
become disoriented and move the control handle in the opposite direction 
from the one you want. You can move your arm and hand in a miniature 
duplicate of any aerobatic maneuver to help maintain that “pilot/cockpit” 
image. Keep the control handle vertical, however, for the entire “inside 
loop” maneuver, including the brief inverted portion of the flight. Your 
first loops should be accomplished with just the barest amount of elevator 
angle so that the loop is very large, large enough for the aircraft to be 
almost directly over your head at the peak of the loop. With practice, you 
can make the loops tighter and tighter until they really do follow the same 
path as the model in Figure 4-15. 

If you try to do several loops with a control-line model aircraft, you're 
going to end up with the control lines so twisted around each other that 
they can no longer move the bell crank lever inside the model. The secret 
of any aerobatic “pattern” maneuvers with a control-line model is to 
match any clockwise loop (“inside loop”) with a counterclockwise loop 
(“outside loop”) so the twisted lines are untwisted. One way to do this is to 
perfect the basic “figure eight” maneuver and to learn as many variations 
as you can of the figure eight. You’ve already learned the first loop of the 
figure eight; the next lesson is to fly the second loop, which is an “outside 
loop”. Keep the control handle horizontal, with your palm up, for the 
entire outside loop portion of the figure eight. The second leg of the figure 
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Fig. 4-15 Gradually tighten the diameter of the “inside loop” as 
you gain confidence and experience. Courtesy Cox Hobbies. 


eight is flown with the model upside down or inverted. Inverted flight 
requires just the opposite control action of normal level flight. The “up” or 
“inside loop” is flown with the control handle as shown in Figure 4-16. 
Keeping the contro] handle near the vertical rudder angle will help you to 
orient yourself to the model’s cockpit. You won't be able to turn your wrist 
or arm anywhere near 180 degrees without moving the control enough to 
crash the model. You must settle for about a 90-degree arm twist to 
control the aircraft while it is flying in the inverted position. If the 
inverted portion of the flight is going to be prolonged, you may find it 
easier to reposition the control handle back to vertical to match the upside 
down (relative to the control handle) rudder. 

You can perfect your inverted flying technique by lengthening the 
amount of time the model spends in the inverted (left to right) portion of 
the figure eight. Your first few dozen figure eight maneuvers should be 
relatively tight, as shown at the far left (1) of Figure 4-17. Gradually 


Fig. 4-16 Hold the control handle in the positions shown, while you follow the 
aircraft’s path with your entire arm. Courtesy Cox Hobbies. 
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Fig. 4-17 Gradually lengthen the inverted portion of the figure eight (1 through 3) to 
learn how to fly inverted. Courtesy Cox Hobbies. 


increase the length of the upside down portion (2) and (3) as you gain 
confidence. If you feel the upside down or inverted flight is too disorient- 
ing, for now, then go back to some level flight and some tight figure eights 
until you gain more confidence. 

The “outside loop” or counterclockwise loop is far more difficult. 
Many fliers find that an outside loop is much easier to accomplish if they 
keep the control handle in horizontal (rather then vertical) position from 
the time the model begins its vertical upward flight on through the top of 
the loop and into the vertical dive. When the model pulls back around the 
bottom of the loop, you can swing the control handle back to the vertical 
handle position. You may find more control with this palm-up position for 
outside loops (Fig. 4-18) and with a strictly vertical control handle 
position for the entire “inside loops” (Fig. 4-15). 


Fig. 4-18 The “outside loop” begins and ends with the aircraft flying inverted. 
Keep a minimum 6-to-10-foot altitude. Courtesy Cox Hobbies. 
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Fig. 4-19 When you are an experienced “stunt” flier, you might test your ability by flying 
with another person in mock combat. Courtesy Cox Hobbies. 


Combat 

Two types of flying activities are available for control-line stunt 
fliers. One is the precision “pattern” flight contests with the full hemi- 
sphere of patterns around and above the flier as shown in Chapter 12. If 
you really love a perfect figure eight, then you might want to learn more 
complex patterns. The most exciting type of stunt flying, however, is the 
“combat” type of flying where two people stand in the center of the flying 
eircle with their aircraft on exactly the same length control lines. Each 
model has a 10-foot-long strip of crepe paper tied to a 6-foot string from 
the center of the fuselage. The object of the “combat” is to chop your 
opponent’s crepe paper to bits before he can do the same to yours or, better 
yet, chop through your opponent’s string to score an immediate “kill” 
victory. The combat flights are for five minutes and, if there is no kill, the 
aircraft with the longest amount of crepe paper is the victor. The AMA 
has several classes of special combat competition for highly specialized 
models, but the thrills are the same with a .049-cubic-inch engine in a 
simple “trainer” or “stunt” model made from one of the simple sheet balsa 
wood kits. The AMA combat classes include competition for models with 
up to .36-cubic-inch engines. These planes fly and maneuver so fast that 
special pressurized tanks are needed to maintain the fuel supply. Crashes 
are so frequent that a contestant may bring as many as a dozen duplicate 
aircraft to one event. With the .049 combat, you won’t have quite the 
number of crashes, but do use steel control lines and bring along plenty of 
spare propellers. 


5 
Radio Gontrol 


There is no aerobatic maneuver that cannot be duplicated by an experi- 
enced flier “piloting” a scale-model aircraft by remote control. In fact, the 
models can often accomplish maneuvers that are impossible with real 
aircraft because the models are sometimes stronger and more powerful 
(for their size) than a full-size aircraft. Besides, there’s no pilot in there to 
have to contend with the 10-g (ten-times the force of gravity!) loads that 
are a matter of course on many model aircraft aerobatic flights. It helps, 
too, when the “pilot” knows he’s risking only a machine on a mistake, not 
a life. That’s one of the reasons why radio-control helicopters can actually 
fly upside down for prolonged periods of time. You can truly fly like a bird 
with a peaceful radio-control sailplane, using the winds blowing up 
hillsides and the rising warm air currents called “thermals” to gain 
altitude as rapidly as a bird on the same flight path. The almost-magic of 
radio control, coupled with the newer and more sophisticated models that 
radio control has allowed, have made the newest model aircraft truly 
incredible performers. R/C, as radio-control is called, is the “can-do” 
corner of the hobby; if there’s any type of full-size aircraft you admire, you 
can match its shape and probably better its performance with a flying R/C 
model. 


Radios 


The radio transmitter portion of a radio-control model aircraft system 
transmits low-frequency radio signals through the air to a receiver inside 
the aircraft. Small rechargeable ni-cad batteries provide more than ample 
power for the low-current draw of the transmitter and receiver. Control 
sticks or levers on the transmitter are moved to send a radio signal to the 
receiver. The more expensive “fully proportional” (sometimes called 
“digital proportional”) systems are designed to provide almost perfect 
response in the aircraft; the further you push the lever on the transmitter, 
the more the receiver in the aircraft will respond. The receiver, in turn, 
sends an electrical signal to one or more tiny electric motors inside the 
aircraft. These motors are called “servo motors”, or simply “servos,” 
because they function only as servants to the receiver’s signals. Today’s 
sophisticated receivers translate the signals from the transmitter so that 
the servo motor will turn only in direct proportion to the amount the lever 
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Fig. 5-1 A simple-to-build Ace R/C "Mach None” radio-control model has a .049-cubic- 
inch engine. Courtesy Ace R/C, Inc. 


on the transmitter is moved. A small wheel with holes near its rim is 
mounted on the servo motor shaft. The control rods (called “pushrods”) 
that move the aircraft’s control surfaces (and its throttle control) are 
pivoted from those holes in the servo wheel. The servo wheel rotates to 
move the pushrod, which in turn, moves the control horn on the elevator, 
rudder, or ailerons. The fully proportional types of radio-control transmit- 
ters and receivers normally provide linear response from lever to control 
surface. This means that if you move the control lever a little, the control 
surface moves a little; move the lever very quickly, and the control surface 
moves very quickly. The amount of movement and the speed of that 
movement are what a “fully proportional” radio-control transmitter and 
receiver offer to allow the flier total control over his or her aircraft. 

Some pulse proportional radio-control systems, like those sold by Ace 
R/C, offer a form of inexpensive radio-control. The pulse proportional 
systems are updated versions of some of the very early types of radio- 
control systems in which the model’s control surfaces actually flutter or 
“pulse” while the model is flying. The pulse, however, doesn’t slow the 
model, because it happens too quickly for the air currents to be much 
affected. The primary advantage of the pulse proportional systems is that 
they are light enough to be used in smaller aircraft with .020-to-.049 
engines or with electric motor-powered radio-contro] models. 


Channels 


Each of the servo motors in the aircraft is on a separate “channel” so 
that the motor that moves the rudder, for example, won’t accidentally go 
on when you want to actuate the motor that moves ‘the elevator. 
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Fig. 5-2 The printed circuit board receiver and a single servo are included in the Cox 
almost-ready-to-fly "Cub”. Courtesy Cox Hobbies. 


Obviously, the more channels a radio transmitter will control, the more 
sophisticated the receiver electronics must be and the more expensive the 
entire unit will be. The servo motors add to the cost ofthe system as well. 
You will find some radio transmitters and receivers included in beginner 
models, like the Cox “Cub”, that may have only a single channel. That one 
channel will usually allow fully proportional control of only the rudder; 
the engine is set to run at full speed, and the elevator is adjusted or 
“trimmed” to give the aircraft a level glide. The model will climb gently 
all the while the engine is running then glide back to earth; the rudder 
control is needed to keep the model within sight and within range of the 
radio transmitter. These models are just fine for a beginner or a youngster 
to learn the basics of flight. For true control, though, the system should 
have at least two channels so that both the altitude (elevator) and 
direction (rudder) can be controlled by the flier. 

Two channels are enough for most radio-controlled sailplanes and for 
“trainer” types of powered radio-control aircraft. The powered models are 
certainly more enjoyable to fly, however, when you have control over the 
speed of the engine and the ailerons that allow the aircraft to bank into a 
coordinated turn or to perform rolls. Each of those functions requires an 
additional channel. Radio-control transmitters and receivers with servo 
motors are available with three, four, five and more channels. The 
three-channel setup is probably the biggest “bargain” in that it will 
provide either aileron control or the engine throttle control a powered 
aircraft flier wants and the tow hook release and/or the spoiler servo for a 
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sailplane flier. If you insist on more channels, you’ll probably be wise to 
opt for one of the five- or seven-channel rings, because their resale value is 
much greater than that of the smaller sets. The fifth channel is often 
controlled by a switch on the top or side of the transmitter, and it may not 
be fully proportional like the other four channels. The fifth channel is 
used, on powered aircraft models, to control retractable landing gear, dive 
brakes, bomb releases, and the like. Expect to spend between $300 and 
$500 for a five- or seven-channel radio-control transmitter, receiver, and 
Servos. 


Frequencies 

There are at least 18 different frequencies that have been allocated by 
the FCC for use by radio-control hobbiests. The frequencies allow up to 18 
fliers to fly at the same time without any of them sending a signal from 
his or her transmitter that might send someone else’s model out of control. 
Each radio and transmitter is furnished with color-coded signal flags 
which must be mounted on the transmitter’s antenna so others will know 
for certain what channel you are using. Most public flying fields and club 
fields have a “frequency pole” with color-coded clothespins or clips that 
match all the available radio frequencies. When a flier arrives at the field, 
he must place his frequency pin (the clip that corresponds to his transmit- 
ter frequency) on the pole. If someone else comes along later with the 


Fig. 5-3 Peck-Polymers’ “Mini-Bell” is a fine beginner aircraft kit with just enough room 
for a small three-channel radio. 


Fig. 5-4 One of the “standard” radio- Fig. 5-5 Moving the rudder stick to the 
control setups utilizes the left “stick” on the right should actuate right rudder (shown). 
transmitter to control the left rudder. 


Fig. 5-6 The left control stick usually ac- Fig. 5-7 Move the left stick up for “down” 
tuates the elevator. Move the stick up for elevator. The rudder stick (left) can be op- 
“down” elevator. erated at the same for a climbing turn. 


66 


Fig. 5-8 The right and left movements of Fig. 5-9 Moving the right transmitter 

the right transmitter stick usually operate stick to the left usually activates “up” aile- 

the ailerons on the rear edges of the wings. rons (shown), and moving it right activates 
“down” ailerons. 


Fig. 5-10 The up and down movement of the /eft transmitter stick usually actuates the 
throttle control. The aircraft is a Royal-brand Corsair built by Adam Taylor. 
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Fig. 5-11 The fifth channel, on many transmitters, is simply a switch on the top or side of 
the case. This one actuates the landing flaps. 


same frequency, the new arrival can tell at a glance who is already using 
that frequency. Most experienced fliers buy radio-control sets in the 
72-MHz range because there is less interference on those frequencies and 
several of them are intended solely for model aircraft. Some of the 
beginner models operate on some special low-power frequencies that don’t 
even require an FFC license. 

The radio-control rigs sold for model aircraft use have enough power 
to control the aircraft for as far as you can see the aircraft. It’s wise, 
though, to check the range of any radio-control rig every time you fly. 
Simply collapse the antenna (or remove it—check your R/C equipment’s 
owner’s manual to see which) and rest the model on the ground. Walk 
away from it while a friend watches the control surfaces as you operate 
them with the receiver. Your friend can give you a hand signal to tell you 
when the control surfaces begin to respond in an erratic and sluggish 
fashion. Your owner’s manual will state how many feet is the normal 
range for your brand of radio. The power of the radio-control transmitter, 
the receiver, and the servos is dependent solely on the condition of your 
batteries. The only way to be certain that your batteries are charged is to 
charge them overnight before every flying day. Inexpensive overnight 
chargers for the ni-cad batteries recommended for radio-control sets are 
available from most hobby shops. Wise fliers also check their batteries for 
operation on the flying field with a voltmeter. A quick voltmeter test for 
battery charge may save the day if a weak cell is discovered. 
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CHART OF RADIO-CONTROL FREQUENGIES 
ASSIGNED TO MODELERS BY THE FCC 


Color Code 

Frequency for crystals and 

(in MHz) antennae flags intended use 
26.995 brown cars, boats, and planes 
27.045 red cars, boats, and planes 
27.095 orange cars, boats, and planes 
27.145 yellow cars, boats, and planes 
27.195 green cars, boats, and planes 
27.255 blue cars, boats, planes and CB radios 
53.100 brown/black cars, boats, and planes 
53.200 red/black cars, boats, and planes 
53.300 orange/black cars, boats, and planes 

53.400 yellow/black cars, boats, and planes 
53.500 green/black cars, boats, and planes 

72.080 brown/white planes and industry 
72.160 blue/white cars, boats, planes, and industry 
72.240 red/white planes and industry 
72.320 violet/white cars, boats, planes, and industry 
72.400 orange/white planes and industry 
72.960 yellow/white cars, boats, planes, and industry 
75.640 green/white planes and industry 


Note: All of the 26, 27, 72 and 75 MHz frequencies require a license (no cost, at 
present) from the FCC for legal operation. The 53-MHz frequencies require a 
ham operator's license from the FCC for legal operation. Look in the telephone 
book’s yellow pages under “United States Government” headings for the nearest 
office ofthe FCC (Federal Communications Commission). 


Fig. 5-12 


Quality Bargains 

The chances of your finding a quality radio-control rig at the price of 
an inexpensive rig are pretty slim unless you’re willing to buy a used unit. 
If you do buy used, do so from a reliable hobby dealer and have an expert go 
over the equipment before you pay for it. There are several brands of radio 
kits on the market, but their major value lies in whatever pleasure you get 
from assembling them; they are not appreciably less expensive than 
already-assembled units. You will eventually need to have your radio and 
receiver repaired or tuned, so be absolutely certain you buy a brand that 
has a reputation for availability of both services and parts. You may also 
want to buy a second "matching” receiver with servo motors so you can fly 
two different models from the same transmitter (not at the same time, of 
course). You may need to have the second receiver adjusted or tuned so 
that it will respond as well as the first receiver to the transmitter’s 
controls. 
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Be wary of two-channel transmitters with control levers that move in 
just a single direction. Each lever operates a single channel with this type 
of setup. These transmitters are common among the “beginner” or 
inexpensive sets. Their operation is excellent, but you may have difficulty 
finding a teacher who uses this control mode. The more common radio- 
control transmitters have two controls on each stick or lever. Moving the 
lever up and down controls one channel, while moving the lever right or 
left controls the other. Moving the lever diagonally controls both channels 
at the same time. 


Radio Installation 

The radio-control receivers and servo motors are small enough to fit 
into any kit that has been designed for R/C use. Some of the smaller 
models, like those with .020 engines, may require the use of the smallest 
receivers and only two small servos. When you buy the model, check to see 
if there really is room for whatever receiver and servos you want to use. 
Fit the receiver and the servo motors as part of the kit-assembly sequence 
so you can move whatever bulkheads that may be necessary to fit the R/C 


Fig. 5-13 A complete four-channel fully-proportional R/C rig with transmitter (center) 
and (left to right) transmitter aerial, battery pack for the receiver, four servo motors, and 
receiver. Courtesy Ace R/C, Inc. 
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equipment inside the fuselage. This is also the time to install the proper 
mounting rails (“bearers”) and brackets to mount the receiver and servos, 
while the interior of the fuselage is readily accessible. The radio equip- 
ment will alter the model’s center of gravity, so you may have to move 
some of it (especially the batteries) fore or aft. The final assembly stage is 
the best time for that type of alteration. There’s more information in 
Chapters 2 and 7 on finding the center of gravity. 

The radio receiver is a relatively delicate instrument that must be 
protected from motor or engine vibration and landing shocks with some 
type of foam padding. The batteries must be padded as well. Proper 
installation (using your owner’s manual as a guide) will help to prevent 
the equipment’s tearing loose from the mounts and being damaged 
needlessly. Use the relatively hard “closed-cell” type foam rubber or use 
the white plastic type of foam that new radio receivers and transmitters 
are packed in. The soft foam like that in kitchen sponges allows too much 
movement and damage may still occur. The softer foam can be used to 
surround the hard foam as insulation against vibration in models powered 
with internal combustion engines. The receiver, batteries, and servo 
should also be sealed inside plastic baggies in powered aircraft models so 
the fuel cannot reach them. 


Servo Motor Mounts 

The servo motor must be mounted firmly in the fuselage so its control 
“commands” are precise. The servo motor can be attached to a piece of 
hardwood or plywood with bolts or screws, the rubber grommets (fur- 
nished with the servos), and the vibration-proof nuts with nylon inserts. 
The plywood is then epoxied to the fuselage. Just be sure the screws and 
nuts are accessible (or use epoxy and “blind” nuts). Use LocTite or a 
similar fluid to keep the screws tight. The servo motor must be positioned 
so there’s an absolutely straight path from the servo wheel or arm to the 
holes on the control horn on the rudder, elevator, or aileron. You’ve spent 
several hundred dollars or more to buy a radio with perfect response, so 
don’t dull that response by using bent control rods between the servo 
motors and the control horns. Chapter 9 describes some of the best 
methods for obtaining accurate movement at the hinges of the control 
surfaces with the control horns and pushrods. Keep the pushrods them- 
selves absolutely straight from the servo wheel’s pushrod-mounting hole 
to the pushrod-mounting hole on the control horn and you'll have the 
precise control you hope for. 

The control of the throttle, landing gear retracts, or any other 
optional functions need not be as precise as the control of the rudder, 
ailerons, and elevator. If you do have to position one or more of the servo 
motors to achieve an offset between the control horn (or the throttle lever) 
and the servo, do so with the servos that control something other than the 


72 Building and Flying Model Aircraft 


Fig. 5-14 A Kraft-brand “brick” (one-piece receiver and two servos) with a third servo 
installed in a sailplane. The plugs and sockets connect the ni-cad battery pack to the 
charger (top). 
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Fig. 5-15 The nylon control horn (left) is attached to the rudder with two screws and nuts. 
The pushrod is guided out of the fuselage with a short piece of tube. The pushrod pivots on 
the control horn with a snap-on nylon clevis. 


Fig. 5-16 The snap-on clevis links are available to fit the throttle levers on most 
carburetors and engines. The two knurled screws adjust the carburetor’s idle speed and 
fuel supply (richness). 
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rudder, ailerons, or elevator. You can even use a length of flexible cable 
for those “minor” functions (if you must) to keep the “paths” clear for the 
rudder, aileron, and elevator pushrods to run straight and true. Mount the 
servos for all of the functions at least an eighth-inch apart so they won't 
vibrate against each other. 

Try the operation of the receiver and servo motors frequently while 
you assemble the model. Try the action of the elevator, for example, as 
soon as you have it installed. Try the rudder, too, as soon as it is in place. 


TROUBLE-SHOOTING CHART FOR RADIO-CONTROL SYSTEMS 


Trouble 


Immediately after launch 


plane veers left or 
right and does not 
respond to controls. 


Rudder does not move 
or moves erratically. 


During flight, plane 


requires constant trim 


dial adjustment to 
correct for its 


tendency to turn left or 


right 


Rudder locks to the 
right. 


Probable Cause 


Transmitter and/or 
receiver not “ON”. 


Transmitter and/or 
receiver batteries 
depleted or 
misaligned. 

Transmitter or 
receiver 
malfunction. 


Broken wire 
connections. 


Control rod from 


servo to tail is bent. 


Rudder rod needs 
adjustment. 


Interference from 
other radios in 
area. 


Transmitter 
malfunction. 


Transmitter antenna 
not fully extended. 


Your plane has flown 
out of radio range. 


Fig. 5-17 


Remedy 


Be sure transmitter and receiver 
are “ON”. 


Reposition or replace batteries. If 
this fails, send transmitter and 
plane to manufacturer for radio 
repair. 


Send plane to manufacturer for 
repair or replacement. 


Bend rod into straight position. 


Check trim dial on transmitter 
when plane is down. If the dial 
has been moved left or right, 
adjust the rudder rod 
accordingly, per “Trim 
Adjustment” section. 


Try flying in a different area. 


Send transmitter to manufacturer 
for repair. 


Fully extend transmitter antenna. 


Run after the plane with 
transmitter held over your 
head until plane again 
responds to your controls. 


Courtesy of Cox Hobbies. 
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Remember, you're building a flying model aircraft, and those controls 
must work perfectly. There are standard arrangements for which control 
stick on the transmitter operates which function on the aircraft. The 
owners manual furnished with your R/C set should identify which 
controls are which. Be certain, for example, that right stick movement on 
the receiver produces right rudder deflection. When you push the same 
stick (on the better “gimbal” type of transmitter controls) forward (or 
upward), the aircrafts elevator should drop down. (We’ve seen even 
“experts” arrive at the flying field with a new airplane and watched their 
embarrassment as they found out that their control response was back- 
wards!) You certainly want to learn to fly with “standard” control 
response and, once you do learn, you certainly don’t want to have to start 
all over again just because you didn’t spend the time to get the servos 
installed properly. 


Chapter 6 
BEN 
Flight (Magic 


Radio control is the fulfillment of the dreams of generations of model 
aircraft fliers—one of those rare instances where a science-fiction kind of 
fantasy comes to life. Radio control has the potential of allowing you to 
control a model aircraft just as though you were sitting in the cockpit. We 
must warn you that radio control has only the potential for the fulfillment 
of that dream of remote control flight; you still need the practice to control 
the aircraft properly, and you need the right type of radio-control 
equipment with a model that also has the potential of allowing you to fly 
the way you wish. We’ve described the basics of aerodynamics and the 
radio-control systems in earlier chapters. This is the one where all that 
theory goes together in actual flight. 


The No-Crash System 


There are some “secrets” to flying a radio-control aircraft that many 
of the instruction manuals and many instructors take for granted. You 
can avoid most crashes if you remember two fundamentals: (1) keep the 
aircraft’s air speed up at all times, and (2) understand that almost any 
aircraft will automatically bank when in a turn and, when it does, the 
elevator now will be used to adjust the radius of the turn—“neutral” 
rudder should, then, return the plane to normal flight. We’re getting way 
ahead of ourselves in any basic flight lesson sequence, but these “secrets” 
apply to virtually every maneuver the aircraft will make. Memorize these 
two so thoroughly that your subconscious will feed them into your mind 
before telling your fingers to make any control change during flight. If you 
can do that, you'll avoid about 90 percent of the crashes that most 
newcomers make. 

Flying by radio control is a totally new experience, even for one who 
is already an accomplished pilot of full-size aircraft. You will have very 
few “learned” responses to bring into the sport to help you. In other words, 
everyone has to learn to fly by radio control. This is like any other 
learning experience that requires the use of your own body’s “motor” 
reflexes; it takes carefully controlled first lessons and perfect repetitions 
to get everything right, so do whatever you can to get an already 
accomplished radio-control model aircraft flier to teach you personally. 
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Fig. 6-1 The transmitter aerial is pointed in the direction of flight to help this flier to 
visualize the working of the aircraft’s controls. 


Most experienced fliers will be more than happy to stand by during that 
learning flight. You may find help through the hobby shop where you 
bought your aircraft and radio (one reason—the other is repair 
service—why we cannot recommend that you buy by mail or from a 
discount store). You may want to join a local flying club where some of the 
members will be willing to teach you. Some shops and clubs even have 
“buddy box” radio transmitter setups that function a lot like the driver 
training automobiles with two steering wheels and other controls. The 
control transmitter in the instructor’s hands is connected to “your” 
transmitter in such a way that the instructor can correct any mistakes 
you make or may merely control, say, the elevator while you concentrate 
on learning to master the rudder. The disadvantage of the system is that 
you really don’t learn to fly with your own transmitter. If you do learn 
with the “buddy box” system, try to buy a transmitter with control almost 
identical to the one you learned with so you’ll have a similar “feeling” at 
the controls when you fly “solo”. You can probably learn to fly sooner, 
regardless of who teaches you, if you remember always to hold the 
transmitter so that the antenna points in the direction the plane is going. 
If you follow it around in this fashion, there is less chance of becoming 
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disoriented during those times when the aircraft is flying toward you or 
above you. This also eliminates the problem of trying to reverse the 
rudder control when the aircraft flies towards you. 

Your instructor will know immediately why your aircraft is not flying 
in the direction you "think” it should when you first try to operate the 
transmitter control sticks. The instructor can, then, tell you immediately 
how to correct the controls so you skip most of the frustrating trial-and- 
error type of learning. That expert help is only a shortcut, however, 
because the real learning takes place only by doing and doing and doing 
and doing. Your learning will be much faster if you can manage to put two 
or more flying sessions back to back. Try to arrange for both a Saturday 
and a Sunday morning so your body’s motor functions wil] still remember 
how to respond to the visual inputs— "fly again before you forget the 
details” is another way of stating the same thing. Better yet, try to fit 
three or four early evening flights together. Once you have truly learned 
to fly, you can go away from it for years and still retain much of the 
ability. It’s that first learning that is so easy to forget. This is one of the 
most demanding hand-to-eye coordination sports there is. 

Finally, check the range of the radio and “pre-flight” check the 
aircraft before every flight to be absolutely certain that all of the rubber 
bands for the wings are new, that all the radio connections are tight, that 
the batteries have a fresh overnight charge, that every control functions 
properly and instantly to actual radio commands from the transmitter, 
and that the aircraft and radio are working perfectly. If this is your first 
flight with a new airplane, a new radio, or any single new component in 
either “system”, test-glide the model to be sure that its center of gravity is 
still in the right place. Launch it into the wind with enough force for it to 
glide level for about 75 feet. If the model is powered with an engine larger 
than about .10 cubic inch, you’ll have to have the engine on for that test 
flight with just enough fuel for a short engine run. 


Your First Radio-Control Aircraft 


The aircraft you use for those first flights is a very important element 
in the learning process; the larger and more complex models are actually 
more difficult to fly than the trainers. You most certainly will crash many 
times while you are learning so get your ego prepared for it. When you 
accept that fact, you should be a bit more willing to settle for an aircraft 
with just two-channel control. You can still purchase one of the better 
five- or more-channel radio rigs if you wish and use only two of the 
channels. If you want to learn to fly a powered model, something like a 
Cox "S-Tee” or “Q-Tee” or a Sig “Kadet”, an MRC “Trainer Hawk”, or a 
Carl Goldberg “Ranger”, each with the engine that the kit manufacturer 
recommends, is a good place to start. The sailplanes with electric power, 
like Cox’s “Sportavia” or Astro Flight’s kits, are also excellent training 


Flight Magic 79 


Fig. 6-2 The inexpensive single-channel R/C almost-ready-to-fly models, like this Cox 
“Cub” are excellent aircraft for beginners. Courtesy Cox Hobbies. 


aircraft for two-channel control. If you are going to learn radio-control 
soaring, pick a model with about a 72-inch wingspan rather than one of 
the larger sailplanes. The two channels should be connected so they 
contro] the rudder and elevator; the engines in the powered models can 
remain on full-throttle for the learning flights to allow you to concentrate 
on those two most fundamental controls. 

Many of you will make your first flight with a model that has a single 
channel. This is the least expensive type of radio-control model, and you 
can learn a great deal about radio-control flying with one. The single 
channel will normally control the rudder. The elevator should be adjusted 
before each flight to provide a shallow glide. If your first flight is with a 
sailplane, a rubber band launching system like a “Hi-Start” will provide 
the energy to get the model in the air. Once there, it will be up to you to 
try to steer the model into thermals and over the edges of slopes to catch 
upward wind currents for a sustained flight. If you find yourself caught in 
a wind or headed straight for some obstacle, you can use the rudder to help 
turn quickly. Another secret of radio-control flying is that the model will 
turn an ever-tighter circle as long as you keep the rudder turned to its full 
angle. Eventually, that turn will become so tight that the model will go 
into a spiral dive if you aren’t quick enough to “catch” it by applying 
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neutral (straight-ahead) or opposite rudder. It takes a whole lot of nerve to 
turn the nose of the plane straight down when that is exactly what you are 
trying to avoid, but that’s the first step in spin recovery! Next, apply a 
smal! amount of rudder in the direction opposite the spin and, as soon as 
the model begins to turn, return to neutral rudder, and the model should 
resume level flight. This advice makes up a sort of advanced flying lesson, 
even for a model with two or more channels, but these “secrets” are 
something that you must add to your “no-crash” mind conditioning if you 
are flying with just one channel. Those with two-channel control can use 
the same technique to get their aircraft into a spin (either accidentally or 
on purpose), but they have control over two axes and are better equipped 
to recover from a dive or a spin. 


The First Flight 


Find a flying field that is mostly grass or soft weeds with 100 feet or 
so of smooth and level dirt (if you are flying a model with landing wheels 
or an engine-powered model). You'll minimize the chances of serious 
landing damage by letting the weeds cushion the first few landings. When 
you become proficient at landings, you can use the dirt as a landing strip. 
Save those landings on concrete or blacktop for your fifth or sixth lesson. 
Always be sure to launch and to land into the wind so your ground speed 
will be less; this will make the aircraft more controllable. Most crashes 
occur at landing or takeoff because the aircraft goes through a stage when 
it is flying too slow for the wings to provide “lift”, and it noses down into a 
diving crash. A smal] amount of wind (about five miles per hour or less) 
will help to avoid a stall; don’t attempt to fly on days when the wind is 
blowing any faster than that. 

Throw the model into the wind with the nose slightly down, using the 
same technique you learned to check its center of gravity. This time, 
though, be sure to have the engine or motor on and running perfectly. If 
the elevator controls were adjusted properly during the test glide, the 
spring control on the transmitter lever will automatically keep the 
elevator (and rudder) in a neutral or level flight and straight ahead as 
well. Apply just a slight amount of “up” elevator control as soon as you 
can, with both hands back on the transmitter. Let the model climb at 
about a 15-to-20-degree angle until it reaches about a 200-to-300-foot 
altitude. You may have to alternate a bit between almost “neutral” and 
slightly “up” elevator to keep the climb steady. You will also have to apply 
a bit of right or left rudder control to keep the model from going out of 
sight. Try to keep the model crossing back and forth in front of you so it 
appears to climb in a sawtooth pattern; this will minimize the amount of 
time the model is flying directly toward you, and you won’t become 
disoriented as to which is right or left. 
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Fig. 6-3 The Cox “Sportavia” is available with either a fuel-burning engine or an electric 
motor. It’s designed for two-channel R/C. Courtesy Cox Hobbies. 
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Fig. 6-4 You can launch an R/C sailplane by hand if there’s a fairly stiff breeze and some 
hope of finding thermals. This is a Midwest “Hawk.” 


The turns are the tricky part of any flight. When you apply rudder, 
the nose of the model will probably drop a little and, if the turn is too 
tight, the model will continue to dive, so be ready for a little “up” elevator 
control. If you apply too much “up” elevator, in the middle of a banked 
turn, the elevator will act like the rudder to pull the aircraft into an even 
tighter turn. Be content with losing just a bit of altitude on the turns. You 
can minimize the loss of altitude and the danger of a spiral dive by 
keeping the turns very broad—enough so that your upward flight is a 
continued series of ess turns (when viewed from directly below the 
aircraft). It will appear to be a sawtooth pattern if you keep the model at 
about a 45-degree angle to your line of sight; direct overhead flights can 
also be disorienting at first, 30 keep the model well in front of you. When 
the model reaches that 200-to-300-foot altitude, simply return to “neu- 
tral” elevator and continue either a series of those esses or set the rudder 
for a slight right or left turn and let the aircraft circle until it runs out of 
fuel. If you are flying a sailplane launched with a “Hi-Start”, it will get 
the aircraft up to altitude, and you'll use the ess turns and large circles to 
glide it back down. 
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Happy Landings 

The trip back to the ground can be particularly difficult with a 
powered model aircraft. For that first flight or so you would be wise to fly 
the model back down under power until it reaches an altitude of about 
100 feet. Hold that altitude until the engine runs out of fuel. The secret of 
landings is to keep the airspeed up by letting the model descend at itsown 
rate of speed by holding “neutral” or slightly “down” elevator. The aircraft 
must be landed into the wind, so maneuver it into a position upwind of you 
when it still has 40 to 50 feet of altitude. By now, you know how quickly it 
will loose altitude for any given amount of distance. The flight with the 
wind is called the “downwind leg” of the flight pattern. The illustration 
(Fig. 6-6) shows a straight path across the wind for the “base leg” of the 
landing pattern, but a large circle (Fig. 6-7) is a better bet for those first 
few landings. Any sharp application of rudder will most certainly send the 
model into a shallow dive at these low landing speeds, so barely touch that 
rudder lever. Do not try for a pinpoint landing; land over a 100 yards of 
grass, if you can, so you can let the aircraft decide when it’s ready to touch 
down. When the aircraft is a foot or so above the ground, apply just a trace 
of “up” elevator control to level the aircraft for a wheels-first (rather than 
propeller-first) landing. If you apply too much “up” elevator, the model 
will stall. If the nose does come up, return instantly to “neutral” elevator 


Fig. 6-5 Have the transmitter ready, at 
the moment of launch, so you can manipu- 
late the controls for maximum lift. 
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Fig. 6-6 The “perfect” landing pattern begins with just enough elevation on the 
downwind leg for perfect touchdown on the final approach. Courtesy Cox Hobbies. 


(or even a touch of “down” elevator), then let the aircraft postpone its 
landing point. Do not alter the positions of the controls until the aircraft 
has rolled or skidded to a complete stop. Pick up the model and go through 
a complete inspection and control operation check immediately. 


Advanced Flying Techniques 

We hope we’ve instilled a healthy respect in your reflexes for the 
aircraft’s response to rudder and stabilizer. As you gain flying confidence, 
you'll begin to try maneuvers that can have a disastrous effect on that 
other all-important “no-crash” tip: keep the airspeed up. Gusts of wind 
and wind changes at 200 feet and more can affect the aircraft’s airspeed 
considerably without any noticeable change in its ground speed. Re- 
member, it’s the speed of the wind over the wings and control surfaces 
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Fig. 6-7 A side view of the same “perfect” landing pattern shown in Figure 6-6. Courtesy 
Cox Hobbies. 


Fig. 6-8 They say “Any landing is a good landing!” This Byron Originals’ % scale “Pitts” 
R/C model was landing with the nose too far up to suit the flier. 
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Fig. 6-9 The flier over-corrected and landed nose first. He made it without nosing over or 
breaking the propeller! 


that makes the aircraft fly. If the wind is from the tail of the aircraft, the 
aircraft may appear to have plenty of airspeed when, in fact, it is almost 
ready to stall-and fall into a dive. You’l] notice a very sluggish response to 
the controls when the airspeed decreases. You can run into trouble with 
airspeed when the aircraft is climbing, too. If you apply too much “up” 
elevator, you'll bring the aircraft too close to its stall speed. Again, you'll 
begin to feel a sluggish response from the controls when the aircraft comes 
close to its stall speed. 

There’s no problem orienting yourself to the model’s control surfaces 
when it is flying away from you and only a small degree of disorientation 
when it’s flying right or eft across your field of vision. When it’s flying 
toward you, however, the right and left controls for the rudder and (if it’s a 
three-or-more-channel ’craft) the aileron controls will operate “back- 
wards”. This can be dangerous when the aircraft is in a banked position, 
because you may very well apply the opposite correction for a dive. Most 
fliers use the simple trick of pushing the lever in the contro] lever toward 
the direction the aircraft is already going. Practice flying towards yourself 
until you can manipulate the controls as well that way as with the model 
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flying away from you. If you have trouble, try imagining yourself in the 
cockpit ofthe model rather than on the ground. Perfect both right and left 
turns (most of us find one or the other a whole lot easier) and directly 
overhead flights. 


Aileron Rolls 

If you are flying a model that hasa third channel for aileron control, 
you'll be able to use the ailerons to help control the degree of bank in a 
turn. The aileron control is a third control to “balance” between the 
rudder and elevator for the amount of bank and nicely coordinated turns 
you wish, so you must have those first two working perfectly together 
first. The ailerons can, of course, be used to perform gentle roll manue- 
vers. If the roll is too sudden, you may unexpectedly find yourself 
inverted. A bit of “up” elevator, eased in and out during the inverted 
phase of the roll, will keep the nose up and the aircraft level and help keep 
the maneuver crisp and controllable. You can combine half a loop (for a 
“C”-shape maneuver) and half a roll to duplicate the “Immelmann turn” 
that the pilots of full-size aerobatic aircraft love so much. The Immelmann 
turn begins and ends with the aircraft flying at a level altitude; the roll is 
accomplished at the same time, so the aircraft is halfway through the roll 
during the vertical phase of the half-loop. 


Fig. 6-10 Bill Love is walking his “pattern” or aerobatic R/C biplane down the runway 
before takeoff with the transmitter aerial pointed toward the aircraft's flight path. 
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Pattern Flying 

The basic aerobatic or pattern maneuver is a simple “inside loop” 
where the aircraft does a 360-degree loop beginning with “up” elevator 
control. The basic inside and outside loop patterns and wingovers are 
illustrated in chapter 4. If you try a loop with a sailplane, be sure you have 
at least 100 feet of altitude, and begin the maneuver with a bit of “down” 
elevator to build up airspeed. Try about half of the elevator control at 
first, but be ready to use less if the aircraft’s flying speed slows too much 
during the vertical and inverted portions of the maneuver. The worst that 
is likely to happen is a stall, and you should know how to correct that by 
now. The chances of such a stall will be less if you are sure to enter the 
maneuver with the rudder absolutely neutral and flying with the wind so 
the wind can give you some extra lift from the vertical to inverted portion 
of the loop. With practice, you can take advantage of the increased 
airspeed at the end of the loop to begin a second or third consecutive loop. 
You'll likely lose a bit of altitude with each loop, so keep your peripheral 
vision alert. 

Outside loops will be extremely difficult to perform with most aircraft 
that have dihedral in the wings and with aircraft that have flat-bottomed 
airfoil wing cross sections. A model with symmetrically shaped airfoils, 
little dihedral, and aileron control is the one to use for true radio-control 
pattern flying. Obviously, you'll need plenty of altitude for an outside loop 
and plenty of airspeed. You can go on to figure eight maneuvers once 
you’ve mastered the inside and outside loops. If your model doesn’t really 
want to perform those outside loops, you can still do figure eights (if you 
have aileron control) by combining a series of four Immelmann turns; an 
alternate right and left for a figure ess, then an “outside” pair of 
Immelmann turns for another ess to complete the figure eight. All of this 
will be far easier with one of the “pattern” or stunt R/C aircraft with a 
.40-to-.60 engine. The AMA has several competition categories for radio- 
control pattern aircraft, and it’s one of those rather rare competition 
categories where the aircraft last so long they literally wear out. 


Thermal Soaring 

The radio-control sailplanes, both with and without power, are most 
enjoyable to fly in the virtually invisible updrafts of hot air called 
“thermals”. The thermal is simply a bubble of hot air that is formed over a 
dark-colored field or parking lot or building top by the sun. The bubble 
rises above the ground or building top in such a way that the effect is one 
of what appear to be “gusts” of ascending wind currents. When you see a 
falcon or hawk circling in the sky, the chances are he is riding a thermal 
to gain altitude. The sailplane modelers in your area will be able to direct 
you to the flying sites where thermals are common. With experience, 
you'll be able to find some of your own. A model sailplane can rise as high 
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Fig. 6-11 With practice, you'll be able to touchdown right on the landing ribbon during 
R/C sailplane competition flying. 


as 5000 feet in minutes on a thermal; flights of 1000 feet or more are 
common. 

The best way to try to “catch” a thermal is to set the model into a very 
gentle banked turn about 100-to-200 feet in diameter over a suspected 
thermal area. Watch the model as it circles and see if there isn’t one area 
of the sky where it suddenly gains altitude. When you find that area, try 
to fly across it to find its boundaries and then turn back in and establish 
another circle that will keep the aircraft well within the boundaries of the 
thermal. A thermal is not necessarily round, but the large-diameter circle 
is the easiest way to stay within it without constant changes in control. 
The thermal may drift slightly with the wind, but so will your sailplane, 
so it’s not all that difficult to stay inside the thermal once you’ve learned 
how to find it. 


Chapter 7 


are! Flight 


If you want to discover the true magic of flight, the model aircraft that fall 
into the category of “free flight” are the ones that have the keys to that 
kingdom. The history of the hobby is based on free-flight models; dozens of 
the kits that were introduced before World War Il are still on the market. 
When anything lasts that long, it must have something to offer. Free 
flight is the model aircraft category for the builder who wants to display 
his or her skills at the almost ancient craft of assembling balsa wood 
sticks and covering them with tissue, silk, or (today) sheet plastic. The 
Don Quixotes of modeling who love to fight odds are the most avid 
free-flight modelers, for free flight is a challenge. The modern kits feature 
mostly die-cut parts, but the models are still assembled with an airframe 
that is built from the inside out just about like a full-size aircraft. If the 
assembly is perfect, so everything is in perfect alignment with absolute 
minimal weight (grams and tenths of an ounce count, here), then there’s a 
good chance the model will fly well. 


Classes 

The hobby of flying model aircraft began with free flight, so you can 
guess that there are a whole lot of different ways that those hobby 
pioneers found to fly their models. Each of those different methods of 
flying without the benefit of either control lines or radios resulted in a 
different class of free-flight competition and in different -types of free- 
flight kits and plans. The most popular class of free-flight aircraft will do 
something that’s not practical with the other types of aircraft models— 
they'll fly indoors. Indoor classes for AMA competition include Peanut 
Seale for those “stick model” replicas of propeller-driven aircraft with 
wingspan less than 13 inches. The propellers on the models are driven by 
twisted rubber bands. The kits made by Peck Polymers, Flyline, Micro-X 
and Sterling are the most popular with competitors. The most readily 
available stick models are those made by firms like Cleveland, Comet, 
Guillow, Sterling, and Top-Flite, but most of these have a wingspan large 
enough to put them in the AMA “Indoor Rubber Flying Scale” class for 
models with wingspans of less than 30 inches. Many of these rubber- 
powered models can be equipped with internal combustion engines and 
radio receivers or control lines, but that puts them in something other 
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Fig. 7-1 Peck-Polymers’ “One Night 28” is designed to fly perfectly, regardless of 
appearance. Courtesy Peek-Polymers. 


than the rubber-powered category. Any of these “indoor” models can, of 
course, be flown outdoors on a calm day. By now you might expect to 
discover that there are also “non-scale” models that will generally fly 
better than any of these scale kits in the hands of most of us. There are, of 
course, AMA competition classes for those “rubber-powered” models that 
include both indoor and outdoor competition. These classes include models 
like the microfilm-covered models (Fig. 7-13) and the gliders made from 
sheet balsa wood. 

Most outdoor competition is centered around models that do not 
resemble any type of full-size aircraft. The most popular free-flight models 
for outdoor flying are those powered by the same type of engines as the 
control-line models. The .049 or 12A engines are the most common, but 
there are competition categories and kits for models using engines with as 
much as .60-cubic-inch displacement. There is even a free-flight class for 
powered helicopters, if you really think you’re an expert. The outdoor 
categories include both rubber-powered and non-powered models as well, 
with some highly sophisticated rules. The flying model rockets described 
in The ETV Model Book, also published by Chilton, would fall into the 
free-flight category, too. 


Peanut and Jumbo Scale 

These scale “stick models” are a fine diversion for a control-line or 
radio-control modeler who wants to learn something about miniature 
building techniques and the tuning (more properly called “trim”) adjust- 
ments needed for a perfect flight. Perfect stability and flight are basic to a 
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Fig. 7-2 Hildie Boehme is assembling a 


f free-flight kit: Peck Polymers’ “ROG.” 


free-flight model because, once the model is in the air, the flier has 
absolutely no control over it. You might call any free-flight model a type 
of “trained bird”, in that it can be assembled and adjusted to fly in a 
certain pattern. A typical powered free-flight model is “programmed” to 
fly upward in a steady spiral until it runs out of power; it is then supposed 
to descend to the ground in a circular pattern. It’s a lot more difficult than 
it sounds, because the model must be trimmed to compensate for the 
torque and power of its rubber band or fuel-burning engine and for a 
gliding flight—and either one of those is difficult enough by itself; 
remember, even a single-channel radio-control aircraft has a movable 
rudder to compensate for powered versus non-powered flight. Adjusting 
the center of gravity, motor angle, stabilizer, and rudder for a “perfect” 
upward powered free-flight and a perfect glide is one of the most 
challenging aspects of the hobby. 

Weight is the number one enemy of any free-flight model. The experts 
go so far as to substitute smaller sticks for those supplied in the kits. Don’t 
try that, though, until you’ve assembled at least three or four stock kits 
and made them fly properly. Your first model should be one with a fairly 
large stabilizer and plenty of dihedral in the wings; very few low-winged 
models have both those features, so you’d be happier with the flight 
characteristics of a high-wing model. Absolute precision is the key to 
building any free-flight model, so take your time to be sure that every- 
thing is square and that there are no warps in the wings, rudder, or 
stabilizer. Most modelers don’t add the weight and possible warp that a 
painted paper surface can give; they fly their models with the tissue 


Free Flight 93 


covering unpainted. Repairs are much easier with an unpainted model, 
too. The paper covering can be stretched to build in a slight amount of 
warp in the left wing so that the tip of the wing angles a slight bit more 
upward at its forward edge than at the rear. This is called “wash-in”, and 
it will enable the model to hold a circular glide pattern with more stability 
than achievable by using only the rudder. The effect is similar to having 
a “down” aileron on the left wing. It can also help a bit to counteract the 
model’s reaction to the torque of the spinning propeller. 


Indoor Flight 


You might be surprised to learn that the flying conditions inside a 
gymnasium can vary considerably from one part of the room to the other. 
There are almost always updrafts in some part of the room that result 


Fig. 7-3 Mike Janos launches his Flyline Models’ Heinkel 100D rubber-powered free- 
flight model on a successful flight. 


Fig. 7-4 George Batiuk demonstrates the launching technique he finds successful for 
indoor free-flight models. 


from open doors, ventilators in the ceiling, or air conditioning or heater 
ducts. Your indoor flying model must be trimmed so it will fly in circles 
that are about equal to one-half to two-thirds the width of the narrowest 
portion of the indoor flying area. This will give you enough room to 
maneuver your launching site in the room to take advantage of the most 
consistent air. The chart (Fig. 2-10) in Chapter 2 will give you the 
corrections needed to get the model flying absolutely straight. Those 
adjustments will also allow you to adjust the angle of the propeller shaft 
for a slight upward climb while trimming the model itself for a power-off 
slight downward glide. The only "fiddling” adjustment you’ll then have to 
make is to trim the stabilizer or “wash in” the wing to compensate for the 
torque of the motor. Be sure to note that the motor torque can give the 
model a small degree of bank when the power is on. When you test-glide 
the model to determine how it flies, try it both with and without the 
motor. You'll have to add enough rudder angle so the model will fly ina 
circle with the power on, or it will simply fly into a wall. 

Most rules allow you to choose between a hand-launch and an “ROG” 
(rise-off-ground) takeoff, but you’ll have at least four more feet of possible 
elevation if you can perfect your ROG takeoffs. Contests (and just plain 
fascinating flights) are centered around the duration of the flight. It’s 
difficult to hand-launch a model at the proper angle and speed for the 
propeller to do its work immediately. Most fliers lose as much of their 
rubber power during those first moments of hand-launch glide as they 
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Fig. 7-5 Indoor free-flight scale models are often fascinating little machines like this 
Peck-Polymers "Baby Ace”. Courtesy Peck-Polymers. 


would by allowing the model to pull itself along the ground for its own 
takeoff. Give the model the slightest little shove, as you release the 
propeller, to help it overcome the inertia and to get it pointed straight 
ahead for take-off. 


Trim Tabs 


Trim tabs are simply small pieces of paper or aluminum or plastic 
sheet stock that are glued to the rear surfaces of the rudder, elevator, or 
wings to make delicate adjustments in the aircraft’s flying stability. Trim 
tabs are the smaller, secondary flaps on full-size aircraft. For the optimum 
indoor flight, adjust the model to fly in a left circle so the motor torque will 
help bank the model for a tight climbing circle. The circle will become 
larger as the motor torque and energy is expended. You can adjust the 
diameter of that circle by as little as six inches by simply adding a 
¥-x-¥%e-inch trim tab to the rear of the rudder and bending the tab in or 
out. Trim tabs should not be required on the wings, because you can get 
the same effect with a little “wash-in”. You may, however, want to add 
trim tabs to the model right at the flying site to compensate for unusual 
updrafts or a high degree of humidity. 


Rubber Power 


Rubber bands are the source of power for indoor models, and they’re 
also used on some classes of outdoor free flight. If your local dealer doesn’t 
have it, you can order special rubber from the firms that specialize in 
indoor scale-model kits. These same firm also sell special propellers in a 
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Fig. 7-6 Trim tabs are seldom shown on kit plans. Most are just pieces of business card or 
thin plastic taped or glued in place. 


Fig. 7-7 Many of the powered free-flight kits, like this Cox “Q-Tee” kit, can be used for 
R/C flying as well. The wings are held by rubber bands to rip free in the event of a crash. 
Courtesy Cox Hobbies. 
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variety of diameters and pitch angles. Buy an assortment of propellers, 
extra rubber, and rubber lubricant for your model and one of the 
commercial hand-crank units to wind the rubber bands. The rubber bands 
can be about half again the length of the fuselage. The commercial winder 
will allow you to count the number of turns so you can put in as many as 
the rubber will stand without breaking. Test fly with only about 100 
turns. Stretch the rubber band as you begin to crank it tight. When you’ve 
wound in about half the total number of turns, start walking toward the 
aircraft to allow the rubber to retract as you wind it. You'll break a lot of 
rubber bands and maybe even tear out a rear “engine” mount or two 
learning how tight you can wind it. The rubber lubricant (use castor oil if 
you cannot find special model lubricant) will help, but the only way to 
learn is to try it for yourself. 


Outdoor Free Flight 


If you really want to combine sport with the hobby of flying model 
aircraft, pick outdoor free flight. Most outdoor free-flight flying fields that 
clubs use are at least a mile square. The clubs generally have a small 
trailbike to use in chasing down the models, but a lot of people do it on 
foot. You can easily run ten miles in an afternoon of free-flight flying. You 


Fig. 7-8 The design used for Sig’s “ABC Scrambler” kit has won several AMA national 
contests in powered free-flight classes. Courtesy Sig Manufacturing Co., Inc. 


Fig. 7-9 George Batiuk designed and built this AMA class A-2 towline free-flight glider. 
Note the wing construction to avoid warps. 


Fig. 7-10 The entire vertical stabilizer pivots upward under spring tension with this type 
of free-flight "dethermalizer.” 
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Fig. 7-11 A wind-up mechanism is used for this timer (left). The timer releases the 
dethermalizer after a pre-set number of minutes. 
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Fig. 7-12 The propeller blades fold back against the fuselage after the rubber power is 
exhausted on Edward Collins’ Wakefield-class aircraft. He built the model to a design by 
Jim Taylor. 
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Fig. 7-13 Indoor rubber-powered “endurance” free-flight models like this one weigh just a 
few grams and can fly for 15 to 20 minutes. 


can control the flight of a radio-control aircraft so it will not be diverted 
away from the launching site by winds. A free-flight model can be 
controlled only by adjusting the “dethermalizing” device before takeoff to 
limit the time of the gliding portion of the flight. You can, of course, 
control the duration of the flight by limiting the length of the towline for 
gliders or by using less fuel in an engine-powered free-flight model. The 
rubber-powered models seldom reach altitudes where wind drift is much 
of a problem except with competition class models like the Wakefield- 
class models. 

The visual differences between a powered free-flight model and a 
similar radio-control aircraft are very subtle, but they are there. There is 
also a difference in the design of a free-flight glider as compared to a 
radio-control sailplane. For now, all you need to know is that they are 
different; so you'll select a free flight kit or plan, if that’s really what you 
want. Most free-flight models are designed so that the stabilizer can flip 
up into a vertical position at the end of the flight. This is called a 
“dethermalizer” because it destroys the lift of the aircraft. It’s the only 
way that a free-flight model can be guaranteed to come back to earth. 
Free-flight models have been known to stay aloft for hours and to drift for 
ten miles when a dethermalizer failed to function. The stabilizer is simply 
hinged at the forward end with a rubber band or piano wire spring to tilt it 
firmly up into a vertical position, A small hook holds the rear of the 
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dethermalizer (stabilizer) down during the flying portion of the flight. The 
hook is released by a burning piece of rope fuse sold especially for this 
purpose or by a wind-up clockwork-style timer and release cable. When 
the dethermalizer pops up, the aircraft will go into a gentle diving spin 
toward the ground. R/M Enterprises, Sig, Charles Werle, and Doug 
Galbraith are a few of the specialist firms that have kits and supplies for 
the free-flight modeler. Their catalogs often provide hints and ideas that 
can make this aspect ofthe hobby/sport even more fun. 


Chapter 8 
o &/ 
‘Helicopters 


The helicopter is one of the technological “breakthroughs” of our time. 
The concept of hovering flight is almost as old as man’s dream of winged 
flight, and experiments with “autogyros” and other rotating-wing aircraft 
are about as old as the century. The helicopter itself became practical only 
after World War II. Model-aircraft enthusiasts have been trying to get 
model helicopters to fly for almost as long. There are several toy-like 
helicopters that fly with a spring-wound motor, and Cox even makes one 
with a fuel-burning engine. These models are strictly free flight, and the 
only “control” available is the whim of the winds that move them. True 
hovering flight is a far more complex proposition. Several manufacturers 
have solved the problem, however, and they offer kits that an experienced 
modeler can assemble without any machine work. American R/C Helicop- 
ters, Inc., Kavan Model Aircraft, Inc., and Schluter all offer scale-model 
helicopters in North America, and there are about a half-dozen other 
brands available in Japan and Europe. 


Hovering Flight 

The fundamental principle of a helicopter is that it does not want to 
fly. A stable aircraft will glide to the ground or be carried aloft by simple 
updrafts or thermals. That just doesn’t work with a helicopter, because 
one of the basics of the design is that it generates its own lift with those 
gigantic rotor blades. Those blades supply their own energy for the “lift” 
that a wing has, as we discussed in the second chapter. It’s man’s only way 
of “flapping” wings for flight; these “wings,” (the rotor blades) however, 
are spun through the air sideways rather than moved up and down and 
flexed. The same basic principles of “lift” and “angle of attack” that apply 
to a fixed-wing aircraft apply to a helicopter. If you expect to understand 
how a helicopter flies or how to fly one, you first have to understand the 
basics of fixed-wing aircraft flight. 

The term “fixed-wing” is usually applied only to a conventional 
aircraft when it is being compared to a helicopter. The term is an excellent 
one, because it gives a fundamental description (by inference, at least) of 
what a helicopter really is: an aircraft with moving wings. The controls 
that affect the rotors must, then, have the same effect that the controls of 
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Fig. 8-1 John Gorham has complete control over his Schluter “Heli-Boy” R/C “beginner” 
helicopter. 


a fixed-wing aircraft do to change the amount of “lift” available. There are 
two ways to increase or decrease the “lift” that a helicopter has: (1) 
increase the speed of the rotor rotation (similar to increasing the airspeed 
of a fixed-wing airplane) and (2) change the pitch of the rotors by pivoting 
them (similar to changing the “angle of attack” of a fixed-wing aircraft). 
That’s just how a helicopter gains or loses altitude. With a careful and 
delicate adjustment of the rotor speed and/or the rotor pitch, the helicop- 
ter can be made to do magic; it can be made to remain suspended almost 
motionless in midair in what is known as “hovering flight”. 
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Fig. 8-2 The Cox free-flight "Sky-Copter” has an .020-cubic-inch engine and a built-in 
“autorotation” feature. Courtesy Cox Hobbies. 


Forward Flight 

A helicopter can be made to fly forward simply by the proper control 
of its rotors. It appears that that small propeller on the rear of the 
helicopter would be used to send it forward, but that’s not what it’s for. 
The small rear propeller is called a “tail rotor”, and its primary function is 
to counteract the torque reaction from the main rotor so the helicopter 
won't go spinning around instead of the rotor. Most tail rotors are geared 
to the same shaft as the main rotors so they spin at the same speed as the 
main rotor. On sophisticated models, the pitch of the tail rotor blades may 
even be adjustable to compensate for changes in the torque of the main 
rotor and the effect it may have on the aircraft’s stability. It takes a rather 
drastic change in the pitch of the main rotors to make the helicopter begin 
to spin about in the air on the axis of the main rotor shaft. For most model 
flying, it’s enough to be able to bring the model back to earth for a manual 
or screw thread adjustment of the tail rotor’s pitch. That pitch adjustment 
can be used, too, to point the nose of the helicopter in the proper direction 
so it does have some value. It is generally what is controlled by a fifth 
channel on the more sophisticated helicopter models. 

Some of the modern helicopters have a jet engine mounted between 
the rotor and the top of the fuselage that is used to give them forward 
speeds in the 100-plus-miles-per-hour range. So far, that feature appears 
only on a few experimental scale-model helicopters. It is certainly not the 
usual means by which a helicopter gains forward speed. The rotors on 
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both radio-control model and full-size helicopters are mounted on a 
pivoting plate called a “swash plate”. This plate is generally free to pivot 
about 5 degrees in any direction so that the complete rotor unit including 
the rotor’s vertical shaft is tilted. There’s a universal joint in the rotor 
shaft to allow this. When the swash plate is tilted forward even one 
degree, the rotors begin to act as rotors and as propeller blades. Part of the 
“lift” is directed to the front to give the helicopter forward motion. The 
swash plate can also be tilted to either side to give the helicopter right or 
left motion or ground speed. The swash plate can be tilted to the rear if the 
helicopter flier wants to “back up” in the air. 


Radio-Control Helicopters 

Most of the radio-control helicopters are controlled by four-channel 
radio transmitters and receivers exactly like those used for fixed-wing 
models. You can, in fact, in a helicopter use the same radio you use for an 
airplane by purchasing an additional receiver and four servo motors. Two 
of the channels will control the right-and-left and fore-and-aft tilt of the 
swash plate to give the model directional control. The third channel will 
control the throttle on the helicopter’s engine to increase or decrease the 
speed of the main rotor (and, through the geared shaft, the tail rotor). The 
fourth channel controls the variable pitch (usually called “collective 
pitch” in catalogs and ads) of the main rotors. Some of the “trainer” 
helicopters have rotors with fixed pitch, but the “aerobatic” models all 


Fig. 8-3 The Kavan “Bell Jet Ranger” R/C helicopter is available with a number of 
optional features, including “Collective pitch” rotors. 
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Fig. 8-6 The four-bladed rotor syst 
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have movable rotor pitch that is controlled with ball-ended pushrods very 
much like those that control the pitch on a full-size helicopter. 

The American R/C "Rev-olution”, the Kavan “Alouette 2”, and the 
Schluter "Heli-Baby” are all designed to be “trainer” helicopters and they 
all take .40-cubic-inch displacement engines and four-channel radios. 
Most of them have optional features that can be added to give them 
aerobatic capabilities and "autorotation”. These models sell for about 
$350 as kits. plus the cost of the engine (8100 to $200) and the four- 
channel radio rig. The American “Commander”. Schluter "Heli-Boy”. and 
the Kavan “Jet Ranger” are more advanced models that have true 
aerobatic capabilities. These aircraft require .60-cubic-inch displacement 
engines. The helicopter kits sell for about $600 and up, plus the cost of an 
engine and the radio rig. Most hobby shops that sell these models will 
have at least one customer who will assemble the helicopter kits for vou. 
but this may be an expensive proposition! It might be worth it. A heli- 
copter is the most precise model you can hope to build. Every single part 
must be aligned within a fraction of a degree with the next and assembled 
in a completely “fail-proof™ manner. or the model will be unstable in 
flight. If you have assembled a dozen or more powered radio-control 
models and perhaps rebuilt an engine or two. you have nothing to fear 
from any of these kits. They re really not difficult to build—it’s just that 
the nature of a helicopter allows virtually no room for error. 


Fig. 8-7 The Kavan “Alouette 2” R/C helicopter is available as a beginner’s kit and with 
enough options for aerobatic flight. 


Autorotation 

One of the major breakthroughs in model helicopter technology was 
the “autorotation” capability of some of the more expensive kits. This 
feature 1s sometimes an option on even the “trainer” models, and it’s 
worth at least half the cost of the helicopter kit to get it. The “autorota- 
tion” option is nothing more than some form of an automatic clutch that 
will allow the main rotor to continue to revolve even if the engine is 
accidentally killed in flight or runs out of fuel. Without a clutch of some 
kind, the engine would soon stop the rotor, because the rotor would be 
trying to pull the engine around against its compression. Autorotation 
means a bit more than just a free-wheeling rotor, however. 

A helicopter needs energy to fly just like a fixed-wing aircraft, and it 
has just about the same array of energy sources at the flier’s disposal. If 
the engine dies at, say, a 100-foot elevation with the helicopter moving, 
say, five miles an hour, the flier has the energy of the ’craft’s forward 
momentum, the energy of gravity pulling it down, and the rotational 
energy of the still-spinning rotors to use in helping to get the helicopter 
down to earth gently. The “trick” is to adjust the pitch of the main rotor 
blades so they will allow descent under “autorotation” to within five feet 
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or so of the ground. Hopefully, there will still be enough energy left to 
allow the flier to adjust the rotor pitch for a slight amount of “lift” to be 
able to set the ’craft down gently. Obviously, autorotation relies on main 
rotors with adjustable pitch as much as it does on a clutch of some type. 
You must have both options on your model if you hope to be able to land it 
if the engine kills. 


Helicopter Flight 

The helicopter flies on its own lift. Unfortunately, the wind it creates 
is more of a bubble or dome. The difficulties with helicopter flight can, 
perhaps, be more apparent if you try to think of the helicopter’s flying 
environment as a large dome of air. The rotor’s angle from vertical, right 
or left, or fore and aft must be constantly adjusted to keep the helicopter in 
level flight. The adjustments for anything like a level hovering flight are 
even more delicate because there’s no forward momentum to help stabilize 
the helicopter. That’s what is meant by the statement that a helicopter, 
unlike a fixed-wing aircraft, really does not want to fly at all. The flier 
must make constant adjustments in the radio-control transmitter stick for 
right and left and fore and aft lean on the swash plate to keep the 
helicopter “balanced” on that “dome” of air in level flight. It’s relatively 
simple to adjust the radio-control stick for engine speed to contro] the 
model’s altitude, because that adjustment is not as delicate as that 
right/left and fore/aft balance. 


Fig. 8-8 The basic Schluter “Heli-Boy” R/C helicopter can be modified into a scale model 
with this "Bell 222” body kit. Courtesy Gorham Associates. 
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The models that have rotors with pitch control are rigged with levers 
and control rods to provide what is known as “collective pitch”. This 
simply means that both main rotors increase or decrease their angle or 
pitch at the same time. This helps to keep the rotor in balance and 
provides the precise control that is needed for aerobatic maneuvers. With 
practice, you can duplicate just about every maneuver an aerobatic 
fixed-wing aircraft can accomplish with a helicopter that has pitch control 
for the main rotor. Loops, figure eights, Immelmann turns, and even 
prolonged inverted flight and spiral dives are all possible with a radio- 
control helicopter. The most skillful radio-control fliers in the world are 
the guys and gals who can use their transmitters to perform aerobatics 
with a helicopter. If level hovering is difficult to balance, imagine what it 
must be like to maintain a perfect figure eight with those same controls. 
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The hobby aspect of the hobby/sport of flying model aircraft has gone 
through some changes that are as revolutionary as the new flying 
capabilities of modern radio-control rigs. The history of the hobby is filled 
with variations on the balsa rib, strut, and spar building techniques. 
Those types of kits are still predominant in the hobby, but the materials 
list in some kits now includes hard foam plastic wings and/or fuselages for 
really quick assembly, pre-shaped balsa fuselage surfaces and wings, 
vacuum-formed plastic sheet panels, and fiberglass fuselages and parts. 
There are several kits in virtually every category of model-aircraft types 
(except helicopters) that can be assembled in less than eight hours— 
including applying paint and any decals and trim. You still have to wait 
about 24 hours for most fuel-proof paints to dry completely, but you can 
even by-pass the paint step by covering the model with one of the 
pre-colored plastic sheet films like Top-Flite’s “Super Monocote”. The new 
kits, glues, and coverings can almost eliminate the hobby side of flying 
model aircraft completely for those who would really rather fly. Con- 
versely, there are some truly challenging kits available that will reward 
the builder with an aircraft that really does fly better than any of the 
quick-build kits if he or she takes the time. Besides, almost all of the 
“stick model” kits from the forties and fifties are still available. 


Cement Secrets 

In our opinion, the old cellulose adhesives in a tube (like Duco 
“Household Cement” and a whole array of similar products from Ambroid, 
Testors and Duco) are virtually obsolete. Ambroid still remains the choice 
for most indoor free-flight models, however. Recent advances in the use of 
the cyanoacrylate adhesives like Eastman 910, Super Jet, Hot Stuff, 
and the like have made these almost instant-dry cements as versatile as 
cellulose glues used to be. It’s our experience that these cyanoacrylates, 
white glue, aliphatic resin, regular epoxy, and five-minute epoxy are the 
best glues to use for building flying aircraft models. In fact, we strongly 
recommend that you purchase a small-size container of all five of these 
glues so you'll have them available for assembling the next kit. Keep 
them in the toolbox you take to the flying site for on-the-field repairs. You 
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Fig. 9-1 The parts in the simple “profile” trainer kits, like Midwest’s “Miss San 
Bernardino,” are pre-cut for two-hour assembly. 


can make your own decision as to whether you need both white glue and 
an aliphatic resin glue; they seem to have almost identical properties for 
assembling model aircraft, except that the aliphatic forms a slightly more 
flexible joint which is less likely to fracture, and it is a bit easier to sand. 
Regular-cure (30 minutes or more) epoxy will soak into the wood of a joint 
thanks to its overnight curing time, but the speed with which five-minute 
epoxy sets makes it useful for joints where you have to make repairs in the 
field. The epoxies are best for bonding metal to wood or plastic and for 
bonding metal to metal, metal to plastic, and plastic to plastic. Test them 
first on the foam type of plastic, because the heat that is generated during 
the cure or the chemical reaction can literally dissolve the foam! The 
white glue and/or aliphatic resin are the glues to use for joining wood to 
wood or foam plastic to foam plastic, if you can use a jig or pins to keep the 
parts in alignment until the glue dries. Sig “Core Bond” and other 
water-based contact cements are also good for gluing foam plastic. 


Instant Glue Joints 


The cyanoacrylate cements are, in our opinion, one of the greatest 
advances in model aircraft kit-building since the invention of the die-cut 
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balsa ribs. The cyanoacrylate’s odor is offensive to some, but some new 
brands on the market don’t have quite as strong a smell. The cement is 
also relatively expensive, but a small bottle is usually enough to finish 
any kit with less than a five-foot wingspan. Its primary disadvantages are 
that it has a relatively short shelf life, particularly after being opened, 
and that it will glue your fingers just as tightly as anything else. The 
cement sets in a matter of seconds if the joint is airtight—and that’s just 
the kind of joint you can get if you squeeze a glue-coated thumb and 
forefinger together. If you do make such a silly mistake, gently pull your 
fingers apart while you oh-so-carefully slice through the glue itself rather 
than your skin. You can increase the shelf life of the cement by keeping 
it in the refrigerator between building sessions if there are no small 
children in the house. Unopened bottles should be stored in the freezer 
until ready for use. 

The cyanoacrylates rely on the absence of air to create a bond. If you 
are gluing two surfaces with a very tight fit together, a single drop of the 
cyanoacrylate cement should be enough. The cement will flow into the 
joint through capillary action. The age-old method of pinning the parts to 
the wax paper-covered plan with tee pins, hat pins, or common straight 


Fig.9-2 The “profile” models are fully aerobatic with fuselage and wing shapes similar to 
a full-size aircraft like Sterling’s “Spitfire.” 
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Fig. 9-3 Very few kits still require 

that you cut the wing ribs or fusel- 

age bulkheads—most are die-cut 
to speed assembly. 


Fig. 9-4 Full-size plans are in- 

cluded with free-flight kits. Cover 

them with wax paper and cut and 
glue right over the plans. 


Fig. 9-5 Use tee pins to hold the 
wood while you cut the next piece 
to exact size right on the plans. 
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pins should be used so you don’t glue your fingers (or tweezers) to the 
wood. For most such joints, that single drop of cyanoacrylate will be 
enough. The almost-magic aspect of the material is that you can glue 
joints and have them dry as rapidly as you can cut the stringers or spars. 
The model in the photographs is one of the "stick model” types that is still 
quite popular as “Peanut Scale” free-flight models. 

The cyanoacrylate cement will not stick to wax paper, so use wax 
paper to cover any plans you are working with. A small square of wax 
paper can also be used to grip parts or to hold two parts together so you 
don’t touch the parts with your fingers. One of the most important “tricks” 
to use when cementing with cyanoacrylate is to have a “filler” handy for 
those joints that are not quite perfect. Common baking soda makes a fine 
filler. Use a wood spatula or coffee stirring stick to apply the baking soda 
to the joint. A flat toothpick can be used to push the powder into place. A 
drop or two of cyanoacrylate is all that’s needed to make the baking soda 
(at least) as tough as a white glue fillet. You can also build up fillets 
between the ribs and the spars with the baking soda and cyanoacrylate. 
Remember to add the cement to the baking soda, because the cement will 
set up hard in just a second or two. The cyanoacrylate cement can even be 
applied by punching a hole with a tee pin and flowing a drop or two of the 
cement into the hole so it will spread with capillary action. 


Epoxies 

Almost any brand of five-minute epoxy is suitable for assembling 
aircraft models. Epoxy is especially helpful where a great amount of 
strength is required and weight is not too great a problem. The epoxy will 
form its own fillet or radius where, for example, a wing rib joins the wing 
spar or wing surface panel. There is no need to add any type of filler 
material to the epoxy. It is much easier to form reinforcing fillets with 
five-minute epoxy than with the conventional epoxies. Conventional 
epoxies flow almost like water before they cure, so a large “pile” of epoxy 
will flow out into a tiny lake. You can work the five-minute types into a 
large-radius fillet right up to the time when they become gelatin-like. The 
five-minute epoxies have ample strength for the assembly of elevator, 
rudder, and fuselage joints. Joints that will receive extreme stress, like 
engine mounts and wing spars, should be installed with conventional 
epoxy because of their greater strength. If you need even greater strength, 
small pieces of fiberglass cloth (handle it with gloves) can be placed across 
the joint and the epoxy worked into the cloth. There is very little 
difference between the resin and catalyst used for fiberglass and epoxy, 
except that epoxy is thicker. The combination of fiberglass cloth and 
epoxy is essentially the same as the plastic-like material called “fi- 
berglass”. Please use caution and do keep your hands away from your eyes 
when working with epoxy, fiberglass cloth, and resin because the catalyst 
and cloth, in particular, are extremely dangerous. 
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Fig. 9-6 Cyanoacrylate cement 

can be applied to the wood joints 

while you hold the part in place for 
just a few seconds. 


Fig. 9-7 Apply some baking soda 

to any joints that do not fit prop- 

erly to fill in the gaps, then apply 
the cynoacrylate cement. 


Fig. 9-8 Hold balsa wood cover- 

ing panels in place with one hand 

while you use a tee pin to punch a 

hole through the wood with the 
other hand. 
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Fig. 9-9 A drop of cyanoacrylate 

cement, applied through that tee 

pin hole, will bond balsa wood cov- 
ering to wing spars and ribs. 


Fig. 9-10 Use regular-cure epoxy 

to assembled highly stressed parts 

to give the epoxy time to soak into 
the wood before it cures. 


Fig. 9-11 You can form reinfore- 

ing “fillets” at the corners of parts 

that might break with five-minute 
epoxy. 
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Tools 

Very few tools are required for the construction of most model aircraft 
kits, because the materials are all relatively soft woods or foam plastics. A 
good hobby knife like those sold by X-acto or Dixon is essential. The 
surgeon’s scalpel type of hobby knife like an Über Skiver is popular with 
those who work a lot with soft balsa wood kits. The X-acto Number 5 
hobby knife handle is a good investment because it will accept X-acto 
razor saw blades, wood carving blades, and gouges or chisels. Pointed 
tweezers are another essential tool for any type of model aircraft work. We 
would suggest both the type that you squeeze to hold the part and the type 
that must be squeezed to release the part. A collection of about 50 each of 
small (straight pin-size), medium, and large (hat pin-size) tee pins will 
also be essential. The thin type of coffee-stirring wooden sticks are best for 
applying baking soda or epoxy. A collection of X-acto sanding blocks or 
simply hardwood blocks with sandpaper glued to them will take most of 
the work (and the sloppiness) out of sanding. Either Number 180 grit or 
fine-grain sandpaper is about right for most model airplane work. 

Hardened steel music wire or piano wire is used for a number of 
things on many aircraft models, including parts like propeller hooks for 
free-flight models, landing gear, and tail wheel mounts and pushrods for 
both control-line and radio-control models. You’ll ruin the best diagonal 
cutters trying to cut the stuff. Some large hardware stores sell special 
cutters, but most modelers use an abrasive cutoff wheel mounted in a 
motor tool like a Dremel. Be certain to wear safety glasses or goggles 
whenever you use a cutoff wheel, because the wheel will break once in a 
while. Strong needlenose pliers can be used to bend the piano wire. 

There are some special tools that you may want to consider if you’ve 
decided that building flying model aircraft is going to be your hobby. The 


Fig. 9-12 A sharp hobby knife 

like this “Uber Skiver” will slice 

through balsa wood without chip- 
ping or crumbling the wood. 
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Fig. 9-13 An X-acto No. 5 handle 

with X-acto’s router blades can be 

used to shape balsa blocks for wing 
tips, fairings, and cowls. 
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Fig. 9-14 The hook-shaped No. 28 

blade in the No. 5 X-acto handle is 

best for carving the leading edges 
of wings. 


Fig. 9-15 Glue some fine-grain 

sandpaper to a perfectly flat hard- 

wood block to make your own sand- 
ing block. 
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special sealing irons sold for use with the plastic sheet coverings like 
“Monocote” are a must if you are going to use that type of covering for 
your aircraft models. A small sabre saw or jig saw is helpful for those who 
want to shape their own wing tips or cowls from blocks of balsa wood. The 
saw is also needed for cutting hardwood or plywood engine and radio- 
control servo mounting brackets. There are several really clever clamps 
and jigs to help align wing ribs and fuselage formers for those who like to 
build from plans and those who specialize in those large free-flight scale 
models. You will need a soldering iron for any wiring work on the 
radio-control kits, and the iron can prove helpful in making secure 
connections with piano wire for control rods and landing gear. You can 
use a common electric hand drill or even a hand-powered crank drill to 
drill the few holes that will be needed in the soft wood and plastic 
materials used in model aircraft construction. 


Control Surfaces 

The most critical parts of a control-line or radio-control aircraft are 
the hinged rudder, elevator, and ailerons. Some kits provide special 
nylon hinges that look like scale-model door hinges or special strips of 
flexible Mylar-type plastic tape that are to be used as a hinge. Many of the 
kits, however, assume that the builder will know all about making 
working hinges. At least a dozen firms make control hardware including 
hinges and the “control horns” that connect the pushrods from the bell 
crank lever (on a control-line model) or the servo motor wheels (on a 
radio-contro] model). Any store that stocks model airplane engines and 
piano wire and balsa should carry this type of hardware. It is also 
available by mail from firms like Sig and Ace R/C. We would strongly 
recommend that you obtain a catalog of this type of hardware so you can 
see the various types of hinges, contro! horns, and the assortment of 
hardware for the pushrods that is available. You can then decide which 
type of hardware will work best on your particular model. Figure 9-16 
illustrates the use of the nylon “door” hinge buried inside the wing, 
rudder, or stabilizer (as it is designed to be) and the alternate method of 
utilizing a simple strip of flexible Mylar plastic tape. The alignment of the 
control horn holes over the hinge pivot point is particularly crucial. The 
hinges must also be in line with one another along the hinged edges of the 
flaps, and there must be ample room for the full movement of the flaps. 
This is the most critical part of assembling any control-line or radio- 
control model aircraft kit, so spend as much time as necessary to get the 
control surfaces working perfectly, without any slop or binding. Any drag 
placed on the servos by the binding action of faulty control surfaces will 
dramatically reduce the charge life of the batteries in the aircraft, and it 
may even damage the servos themselves. 
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Fig. 9-16 The pivot holes for the pushrod ends (clevises) in the control horns must be 

aligned directly over the hinges for rudder, aileron, or elevator control surfaces to give 

perfect control response. The cutaway bevel can be a shallow angle, because half of the 

movement is upward— much smoother airflow with no air leakage. The flexible plastic 
tape hinge is almost unaffected by temperature or vibration. 
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Paint and Other Finishes 


The days when a balsa wood or tissue-covered model was painted with 
Testor’s “Dope” are now part of the history of the hobby. There are some 
improved types of fuel-proof paint that serve the same function that Dope 
used to. Japanese tissue paper is the best covering material only for most 
types of free-flight models. Most of the larger outdoor free-flight models, 
control-line models, and radio-control models that are built from kits are 
covered with some type of colored plastic sheet rather than paper and 
paint. The plastic can be repaired as easily as the tissue paper or painted 
balsa coverings, and it is both stronger and more durable. Since each type 
of covering has its unique advantages and applications, we’ll describe 
them all. 


Tissue Paper Covering 

A special blend of paper and cloth is used for the tissue paper 
designed for covering model airplanes. It is generally referred to as 
“Japanese tissue”, even though it may have been made in America or 
Europe. The tissue is available in a rainbow of colors, including black and 
white. Buy enough to cover an area twice the size of your model, because 
the material has a grain, and you'll waste a lot of it getting the grain to 
run only down the length of the fuselage, wings, rudder, and stablizer. 
You can determine the grain by tearing the tissue; it will tear easiest and 
straightest in the direction of grain. 

You can use either white glue or Sig’s “Lite-Coat” clear paint for 
flying model aircraft to “glue” the Japanese tissue to the model’s struc- 
ture. In either case, the fluid must be diluted by an equal amount of water 
(for the white glue) or Sig “Supercoat” thinner. Apply one light coat to the 
areas where the tissue will be attached to seal the wood and let it dry. The 
tissue must be applied to a single area at a time, so cut it into pieces at 
least an inch larger than, for example, the size of one wing. Coat the 
exterior edges of that wing with a second application of that 50/50 mix of 
“Lite-Coat” paint or white glue. You can use your fingertip to apply the 
white glue, because it will simply peel off when dry; use a paintbrush, 
however, for the “Lite-Coat”. Stretch the tissue paper as tight as you can 
and pull it down and over the area. Rub over all the edges and ribs with 
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Fig. 10-1 Use white glue (or aliphatic resin glue) thinned with an equal amount of water 
to hold Japanese tissue to the aircraft’s frame. 


your finger to stick the tissue firmly and set that panel aside to dry for a 
few hours. You can then move on to the other wing, the top of the 
stabilizer, the rudder, and one side of the fuselage. When each has dried 
completely, trim off the excess paper with a hobby knife. Finally, sand the 
edges of paper even with the edge of the model. You can now apply the 
tissue to the remaining areas, let it dry, and cut and sand its edges to 
completely cover the model. 

The tissue must be stretched taut over the model by spraying it with a 
soft mist of water or rubbing alcohol and letting the tissue dry. Spray the 
water on the wings, rudder, and stabilizer while they are sill separate 
from the fuselage so you can pin these parts down while the water 
evaporates to prevent any warpage. Spray just one side of each wing, 
rudder, and stabilizer, pin the parts down, and let them dry before doing 
the same thing to the opposite side. The hand-pump spray bottles used for 
hair setting fluids or for misting house plants will work fine for this job. 

Most modelers who fly indoor free flight with the tissue-covered 
models don’t paint the tissue, because they don’t want the added weight. 
In fact, these types of flying models should be decorated with tissue paper 
rather than decals for any license or I.D. numbers or stripes. You can cut 
such markings from colored tissue by sandwiching the tissue between ten 
pages or so of an old telephone book so the pages hold the tissue flat. Cut 
right through the pages and the tissue with a sharp hobby knife to make 
individual letters, numbers, or stripes. Spray them with a mixture of 
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en, 

æ = Fig. 10-2 When the glue dries, the 

i oversize piece of tissue can be 

hè trimmed along the aircraft's frame 
with a sharp hobby knife. 


50/50 white glue and water, then place them on the model with tweezers. 
If you want to protect the tissue on a free-flight model that will be flown 
outdoors, use that mixture of Sig “Lite-Coat” clear paint and thinner. The 
same pump-type sprayer that was used for the water can be used for the 
paint if you clean it thoroughly with pure thinner when you are done. Be 
sure to use clear paint, because it weighs much less than the colored 
paints. The rudder, stabilizer, and wings should be sprayed one side at a 
time, as described for the tissue-shrinking operation, and held to a flat 
board with pins so they don’t warp. The black panel lines for the control 
flap hinges and the lines around doors or cowls can be applied with a 
fine-point felt-tip pen. 


Plastic Color Coverings 


The application techniques for the flexible plastic sheet or film 
coverings like Top-Flite’s “Super Monocote,” “Econocote” (with a low- 


Fig. 10-3 If you can reach the back 

edge (as you can with wings, rud- 

der, and stabilizer), use a sanding 
block to remove excess tissue. 
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temperature adhesive for plastic foam models), Pactra’s “Solar Film,” or 
Polk’s “Wing skin” are very similar. There are some important variations 
in the application sequence, however, so be sure to read the instructions 
furnished with the roll. Most of these are available in a wide range of 
colors that are either totally opaque (solid colors) or slightly translucent 
(see-through). You can use the coverings over an open-frame model in a 
manner similar to Japanese tissue or in place of paint over a balsa wood or 
plastic foam model. The plastic film weighs only about a third what a 
smooth fuel-proof paint finish weighs, and it’s far easier to apply. There 
will still be small detail areas like landing gear doors, wing tip fuel tanks, 
and sharply rounded engine cowls where fuel-proof paint must be used. 
The plastic films can be painted with special fuel-proof paints for 
camouflage effects and other special markings. Decals can be applied 
directly to the plastic films if the decals are protected with a final coat of 
clear fuel-proof paint. They say you can use a conventional clothes iron to 
heat and bond and shrink the plastic coverings, but don’t bother. The 
weight and heat control of such irons make them impractical. If you are 
going to use the plastic coatings, invest in one of the special modeler’s 


Fig. 10-4 Buy one of the special irons (bottom) to heat and seal any of the special plastic 
model aircraft coverings like “Super Monocote”. 
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Fig. 10-6 Place the plastic film 

over the top of the wing, adhesive 

side down, and seal it on the trail- 

ing edge of the wing. Stretch the 

plastic film taut and heat seal it on 

the leading edge, then trim the 
excess away. 


Fig. 10-5 Cut a piece of “Super 

Monocote” plastic film a bit larger 

than the wing or other area you 

are covering. Peel the backing 

from the adhesive side of the plas- 
tic film. 


Fig. 10-7 Attach the bottom piece 
of plastic film so it overlaps the top 
piece on the leading and trailing 
edges of the wing by about % inch. 
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Fig. 10-8 Remove the excess ma- 
terial from the covering on the 
bottom of the wing with a sharp 
hobby knife. Try to cut only 
through that second layer of plas- 
tic film, not into the wood itself. 


irons that are designed for only this use. A heat gun (a modified type of 
hair dryer) is a luxury you won't need unless you’re building a model for 
“scale or “finish” contests. 

The plastic films will adhere either to the wood frame of the model or 
to themselves. It’s easier to obtain a neat finish if you bond the material to 
the edges of the wings, rudder, and stabilizer before these items are 
assembled to the fuselage. The iron’s heat should be adjusted so it is hot 
enough to soften the plastic film but cool enough so it doesn’t drag or catch 
as you pull it over the surface. It will take some experimenting with 
scraps of plastic and balsa to get it precisely right. The sequence is simple 
enough: Seal the plastic film along one edge of the panel, pull the film 
taut, and seal the opposite edge. Use a sharp hobby knife to trim the 
excess material away. Repeat the procedure immediately with the oppo- 
site side and overlap the plastic film over the edges of the first side by at 


Fig. 10-9 Hold the iron about 4 

to % inch from the plastic film to 

heat the film so it will shrink 

enough to remove any trace of 
wrinkle. 
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least %-inch. When all the edges are sealed with the iron, move the iron 
slowly over the entire surface of the plastic film to shrink it. You may 
need to punch a few pinholes through the edges of the wood to ventilate 
the model if the plastic film balloons outward rather than shrinking tight. 
The only way to know how close to hold the iron and how fast to move it to 
shrink away the wrinkles without melting the plastic film is to practice. If 
you make a mistake, simply trim away the film from that side of the panel 
and try again. 

The plastic film coverings can be used to build in wing warp for a 
“wash-in” or “wash-out” effect for special flight trim or to help work out 
an accidental warp in a wing, rudder, or stabilizer. Simply hold the warp 
you want in the panel while you skim over the surface to smooth out the 
wrinkles you’ve made in the plastic covering. When the wrinkles are 
gone, the warp will remain. The process is a whole lot easier if you have a 
helper to add another pair of hands. In fact, the whole plastic-covering 
process itself is easier and a neater model will result if you have someone 
to help. 


Painting Techniques 


It is essential that fuel-proof paint be used on any model aircraft that 
will be powered by a fuel-burning engine. Since these paints are designed 
for easy use on balsa and tissue, they’re good ones to choose even for a 
rubber-powered model or a sailplane. Special fuel-proof paints are avail- 
able for use on foam plastic surfaces. At least one coat of sanding sealer 
must be used to fill in the grain on wood surfaces. Sand that first 
coat and all but the last color coat with Number 400 wet-or-dry sandpaper 
dipped frequently in water. Wipe the model clean, after each sanding, 
with a damp paper towel and dry it thoroughly. The smoothness of the 
fininsh will depend on how much sanding you must do between coats of 


Fig. 10-10 Use Scotch “Magic” 

ae tape to mask the edges of any two- 
color areas. Tape paper towels to 

the model to mask near the area. 
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Fig. 10-11 Spray the second color 

and let it dry for only about an 

hour before peeling back the 
Scotch "magic” tape. 


paint. You can obtain a smoother finish, with less work, if you use a 
sanding block (see Fig. 10-3). If you’re building a true-scale aircraft that 
will have an engine with plenty of power, you may want as many as four 
coats of sanding sealer and a half-dozen coats of color. A free-flight model 
or glider should have a total of only two or three coats, to keep the weight 
as low as possible. Most of these paints are available in either bottles or 
aerosol cans, so you can pick the method of application that you feel most 
comfortable with. 


Decal Markings 


You can improve the appearance of almost any model aircraft by 
adding some type of decals, even if only to simulate an imaginary I.D. or 
your AMA number. Some model shops carry decals that have a removable 
paper backing with a sticky surface that is merely pressed onto the 


Fig. 10-12 Hobby shops and 
drafting supply stores sell strip- 
ping tape that can be simply 
pressed on the model to simulate 
hinges or to make stripes. 
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Fig. 10-14 Let the decal glue dis- 
solve on a paper towel. When the 
decal is free, hold the decal and 
paper on the model with a knife tip 
while you pull the decal paper 
backing away with tweezers. 


Fig. 10-13 Cut the decals into in- 

dividual numbers or letters with 

scissors. Hold the decal with 

tweezers and dip it into water for a 
minute. 


Fig. 10-15 Gently dab at the 

decal with a damp facial tissue 

wrapped around your fingertip to 

push out any bubbles and to force 
the decal over details. 
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model’s surface. Most of the markings you'll want will probably be 
available only as “wet” decals. The application sequence for applying 
decals with water-soluble glue is simple enough, but you must follow it 
exactly to obtain a proper decal finish: Cut the decal and the paper 
backing close to the colored portion of the decal. Hold the decals with 
tweezers and a knife blade tip from now on. Dip the decal into warm water 
for a few seconds, then set it on a paper towel for about two to five minutes 
while the water has a chance to soak through the paper backing and to 
dissolve the glue. When the decal is free to move on its paper backing, 
position both the decal and the paper where you want the decal. Hold the 
decal with a knife blade tip while you pull the paper backing from beneath 
it with tweezers. Dab the decal lightly with a paper towel or facial tissue 
wrapped tightly around your finger to “set” the decal on the surface. 
When the decal has dried overnight, spray it lightly with clear fuel-proof 
paint to seal it. 


Repair Tips 

If you fly a model aircraft, you will eventually crash it. Even the 
experts are fooled by weather conditions or mechanical failures. There are 
very few crashes so severe that the model cannot be repaired with modern 
cements and coverings. The most important part of any repair begins 
right after the crash; you must retrieve all of the pieces no matter how 
mangled they may seem. If you have them all, then the repair becomes 
little more than a three-dimensional jigsaw puzzle with the pieces held in 
place with five-minute epoxy or cyanoacrylate cement. A few clamps and 
some wax paper will help hold some of the parts in alignment while you 
epoxy the broken wood (or white glue the foam plastic) back together. If 
the surface was covered with one of the plastic films, simply cut the plastic 
film back to the nearest intact rib or spar. Fix the internal fractures with 


Fig. 10-16 You can repair some 

really terrible crash damage if you 

remember to save all the pieces. 

Clamp the parts while slow-cure 
epoxy cures. 
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Fıg. 10-17 Remove the "Super 

Monocote” type of plastic film (or 

tissue paper) covering from over 
any areas with internal damage. 


Fig. 10-18 Cement any broken 

balsa wood parts back together 

with the cyanoacrylate cement. 

Use baking soda if needed for 
“filler”. 


Fig. 10-19 Cut a piece of “Super 

Monocote” (if that was the original 

covering) about 14-inch larger than 

the “patch”. Bond it and heat- 

shrink in place, then trim away 
any excess. 
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Fig. 10-20 Most model aircraft damage occurs on the way to and from the flying site. You 
can minimize it by making soft cloth bags for the parts; use a box to protect the model. 


cement, then cut a piece of plastic film to cover the hole and heat-shrink it 
in place. If the model was painted, the plastic film can often be used to 
cover the entire area so it will act both as a fresh covering for color and as 
an external reinforcement for the model. 


Showroom-Fresh Tips 

The fuel-proof paints and the plastic films have made it far easier for 
a modeler to keep his or her aircraft looking brand-new. You can wipe 
away most dirt with a damp rag or with a bit of liquid kitchen cleaner like 
“Formula 409”. You can prevent the most common cause of model damage 
by making a packing crate to house the model on its way to and from the 
flying site. The cardboard cartons that fluorescent tubes are packed in 
make fine crates for most models. Make a bag for the wings and fuselage 
from corduroy cloth with the fuzzy side in so the pieces of the aircraft 
won't bang against each other inside the carton. 


Chapter 11 


Super Scale 


The dream of almost every aircraft modeler is to build and fly a perfect 
replica of his or her favorite full-size aircraft. That’s the fantasy that 
probably carried you this far through this book. Scale flying models are 
also the subjects of more broken dreams than any other type of model. 
We'd like to give you the benefit of thousands of modelers’ experience: If 
you want a scale model of some particular “dream” aircraft or other, buy 
one of the static model plastic kits and be content to let the thing sit on 
your bookshelf. If you still have to go for that dream, then how about 
building your second or third most favorite aircraft? There’s a better 
chance, then, that you might pick one that will fly as nicely as a model 
built from one of those $15 basic “trainer” kits. 


Determining Scale 

This is a good place to get the concept of a scale model into the proper 
perspective. The term “scale” refers to the proportions of the model as 
compared to the proportions of the real thing. Scale is usually expressed 
as a fraction but it is also a ratio. A V/as-scale model is the same as a 
1 : 48-scale model; either one is precisely 48 times smaller than the real 
aircraft: every detail and line of the model is '/4s the size of the real 
aircraft, right down to the diameter of the landing wheels and tires and 
the thickness of the frames around the canopy or cockpit. The size of the 
fraction will give you a fair idea of the size of the model; a '/24-scale model 
is only half the size of a !/ı2-scale model. We say “fair idea” because the 
scale fractions indicate only the relative size of the linear dimensions of 
the model as compared to the full-size aircraft. That '/12-scale model will 
occupy four times the floor space of the !/24-scale version and eight times 
the cubic area. A %4-scale model doesn’t sound all that large until you 
view it in three-dimensional reality. 


Scale Performance 

The cubic size of a scale model brings us a bit closer to why you might 
have problems trying to fly a scale model of many full-size aircraft. A 
flying model must push aside the same air as the full-size aircraft did, but 
there’s no way to reduce the effect of that air to match the size of the 
model. There’s also no way to scale down gravity and the other forces of 
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Fig. 11-1 Royal Products’ “stand-off scale” model of Lucky Lindy’s famous aircraft hides 
the model engine beneath the cowl. Courtesy Royal Products. 


Fig. 11-2 Peck-Polymer’s “Nesmith Cougar” is a peanut scale free-flight kit that is 
popular with indoor fliers. Courtesy Peck-Polymers. 
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Fig. 11-3 The pilot in this peanut-scale P-51 Mustang is really a peanut shell. The model 
is covered with silver-colored tissue. 


nature that affect a flying aircraft, whether it be what we call “full-size” 
or a model. The one dimension that we don’t care about reducing to exact 
scale is weight—“all” we expect is that the model perform in a manner 
similar to the full-size aircraft. That’s the criterion that’s used for judging 
scale models in most of the outdoor flying scale contests, too. It’s seldom 
that easy, for most “scale” model aircraft must fly faster than the real 
thing just to remain airborne without stalling. That’s because the air is so 
“thick” and gravity is so strong relative to the “world” of the model. The 
problem is even more pronounced when the aircraft we love has two or 
more engines. 

You probably haven’t even considered entering that scale model of 
your own “dream” aircraft in any contests. Just seeing a model like that in 
the air would seem to be reward enough for building it. The facts are 
never quite that simple, either; you'll join the ranks of the rest of us scale 
modelers when that dream ship is complete and expect it to fly like the 
real thing. If it comes even close, you”ll wonder how well it would do when 
compared to the appearance and flying ability of the other scale models 
you see here and in the monthly model aircraft magazines. It’s too late to 
make any really effective changes in the performance of the model after it 
is built, but there are a number of things you can do while you're still 
searching for the best way to make that dream into a scale model reality 
in three dimensions. 


Super Scale Navy 


The Scale Effect 

By now you should be ready for a fact of flying: The larger the scale of 
the model, the closer it will come to the performance of the real thing. 
That’s one of the reasons why '/4-scale models are becoming more and 
more popular. You cannot model any old aircraft in 1⁄4 scale—a B-29 
bomber would be as large as most for-real private planes—but you can 
pick a prototype that was a relatively small aircraft for your model. That’s 
one of the reasons why World War I aircraft are so popular as "/a-scale 
aircraft and why a tiny biplane like the Pitts makes such a fine subject or 
a '/s-scale model. The closer you can get to making the model large enough 
to match the real-world effects of gravity and air density, the closer the 
model will be to the performance of its prototype. 

Larger aircraft models require larger engines, and that alone is 
enough to scare some people. Once you get above a .60-cubic-inch engine, 
however, the cost doesn’t change much all the way up to the 2.5-cubic-inch 
engine thumpers that are popular with 1/4-scale radio-control fliers. A 
multi-cylinder engine or a Wankel will be costly, but there’s no particular 
reason why you should use a complex power plant when a simple one will 
do the job. The effect of scale applies almost inversely to the materials 
used for a model aircraft; your model is likely to be several times stronger 
than the real thing. The strength of the materials will also allow you to 
build a large scale model that is quite light. That means that the extra 
weight of radio-control gear won’t have much effect on the model’s 
performance. It will also mean that the model will stand a better chance of 


Fig. 11-4 This Flyline Models free-flight “Velie Monocoupe” model has been fitted with 
Hungerford (Peck-Polymers} real wire wheels for extra realism. 


Fig. 11-5 Royal Products offers many of their models in two different sizes. This Cessna 
182 kit is available with either a 56- or 72%-inch wingspan. Courtesy Royal Products. 


Fig. 11-6 This Guillow brand P-47 “Thunderbolt” has been left in an unfinished state on 
the right wing to show its construction of balsa wood with plastic detail parts. Courtesy 
Paul K. Guillow, Inc. 
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surviving a crash without any terminal damage. The scale models in the 
smaller scales (say, smaller than Y/ıs scale for a World War I model or !/24 
for a slightly larger prototype) result in relatively heavy models that have 
a greater chance of breaking to bits on impact. We’ll end this plea for 
sensibility in a choice of prototypes for your dream machine model by 
recommending that you also try to find a kit (rather than building from 
plans) and that the kit be as large a scale as you can find, regardless of 
cost. 


Cheap Scale 

If you feel that a large-size flying scale model is too far beyond your 
budget, we suggest you look at the other end of the scale spectrum—the 
indoor flying scale models. These are also known as “peanut scale” or 
“jumbo scale”, depending on the wingspan. We discussed them back in 
Chapter 7 as part of the free-flight category of flying models. These 
models are fairly inexpensive kits and a big step up from a plastic shelf 
model. Almost all the free-flight scale models, however, are what used to 
be called “stick models”, so they do require a whole lot of patience to 
assemble and even more to assemble well enough so they’ll actually fly. 
These models are not expected to fly anywhere near as well as the full-size 
prototypes for the simple reason that the flier has virtually no control over 
them once they are launched. There are kits or plans for just about any 
propeller-driven aircraft you could imagine. 


Control-Line Scale 

The control-line models are one of the most practical ways to fulfill 
that dream of building your favorite aircraft and flying it as a scale model. 
The standard limitations of control-line flying are part of the deal, but you 
may not care whether or not your “dream” has two strings attached to it. 
There are dozens of ready-to-fly models and simple snap-together “one- 
hour” kits available as control-line models from firms like Cox and 
Testors in America and from some Japanese and European firms. You 
may find the model of your dreams almost ready-to-fly for less than $15. 
Don’t overlook the hundreds of balsa wood kits for control-line scale 
models, either. Most of them sell for less than $50, and that’s less than 
half of what a large-scale radio-control flying scale model will sell for as a 
kit. Some of the “stand-off” scale control-line models capture the overall 
appearance of the favorite full-size aircraft with just enough modifications 
to the wing area and stabilizer to make them fly well. 


Radio-Control Scale 

Radio control is usually part of that same “dream” of building and 
flying a mode] of your favorite full-size aircraft. After all, if you’re going to 
dream, why not include the control system that allows the most realistic 
flight, including every imaginable prototype maneuver? In fact, there are 
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Fig. 11-7 This P-38L “Lightning” has a 40-inch wingspan. It’s a Guillow kit that is 
adaptable to R/C, control line, or free flight. Courtesy Paul K. Guillow, Inc. 


Fig. 11-8 This “Libelle” sailplane was built from a Soarcraft kit by Matt Sheldon. It has a 
119-inch wingspan. 
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almost as many large-scale models designed for radio control as there are 
in any other model aircraft control category. Dozens of small firms (and 
some pretty large ones) make kits for exact-scale aircraft models. Many of 
them feature pre-formed balsa wood sheet or fiberglass fuselages and 
wings to make the shaping part ofthe kit easier. Very few ofthese models 
(or any other scale kits, for that matter) actually mention their exact 
scale. If you really care, you'll have to know enough about the full-size 
aircraft to translate its wingspan into that given for the model kit. Many 
of these kits include the materials, at least, for a fully detailed interior. 
There are also hundreds of accessories, from scale-size dummy engines to 
instruments to seat belts, for those who want to carry the appearance of 
reality to the ultimate. 

A radio-control aircraft model with about a six-foot wingspan is a 
pretty serious piece of modeling. That’s a typical size for most of the 
radio-control flying scale models. By the time you buy an engine large 
enough to fly the model and the radio rig, you'll have invested well over 
$500 and maybe more than $1,000. Maybe, just maybe, you should 
consider “shelving” that dream for long enough so you can learn to fly 
radio-control aircraft. When you've built that fifth or sixth radio-control 


Fig. 11-9 Proper paint and decals make this Guillow model of the Focke-Wulf Fw190 
appear almost exactly like the prototype. Courtesy Paul K. Guillow, Inc. 
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kit and you know it will fly when you walk out to the field the first time, 
you’re ready to take on the task of adding the problems of scale-size wings 
and stabilizers and rudders to your hobby. That scale radio-control 
aircraft will weigh about half again as much as the radio-control “pat- 
tern” or “sport” models you’ve built and/or it will be twice as big. It’s 
certainly not the kind of model that anybody would recommend as a 
“trainer”. We don’t want to discourage you, but we would like to prevent 
that dream from becoming a nightmare. 


Chapter 12 


Glubs and Sinpetition 


Flying really is more fun when you share it with someone. You cannot 
take a passenger up with you on those flights, but you certainly can find a 
few hundred thousand other modelers who may have shared the same 
thrills and the same disappointments. There are radio-control flying clubs 
in virtually every town in America and in every major city of the world. 
There are almost as many clubs who favor control-line models. Yes, you 
may have to search a bit for a group who wants to fly nothing but 
free-flight or radio-control helicopters, but those groups are active in 
every major city. Each of those thousands of clubs has its own flying field, 
and most of them hold regular contests. There are also several state 
contests, as well as annual national and international meets. Even if you 
are not interested in competing just yet, the members of the clubs have 
the information you need to make the hobby/sport more fun at every level. 
Those guys and gals are the ones who truly do know what you're talking 
about when you want to share the feeling of flying. 


Local Clubs 


The salespeople in the hobby shops in your area will be able to tell 
you how to contact the nearby clubs. There are generally regular monthly 
meetings, and most of the training of new fliers is accomplished in short 
sessions at the flying field if the weather is good. If the weather is bad, 
many clubs hold indoor meetings where flying films of both full-size and 
model aircraft of interest appear. Try to remember, when you attend the 
meetings, that the club is not an extension of the hobby shop; none of the 
members has any reason whatsoever to feel indebted to you for showing 
up to ask for help. None of the members was born with a control handle or 
radio transmitter in his or her hand, either. There are always a few folk at 
the meeting who still remember what it was like to be a new modeler or 
flier, and they’re most willing to help. You can do your part by being polite 
and patient until you find a moment or two when one or more of the 
members can devote some attention to you. In the meantime, you can just 
soak up the “buzz” words and the general aura of kindred souls at play. 
It’s your responsibility to find out what the club rules may be and what 
you have to do to be able to fly at the club’s field. The field may be on 
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Fig. 12-1 Participants in a Rocky Mountain Soaring Association sailplane meet will gain 
valuable flying experience when they compare their skills to those of the other club 
members. 


private property, but it’s no different from a baseball field; you may have 
to wait your turn to fly, and you most certainly will have to follow certain 
safety and courtesy rules. 


Academy of Model Aeronautics 

Your local flying club will probably be chartered by the Academy of 
Model Aeronautics (AMA), the American organization of flying aircraft 
enthusiasts. There are similar organizations in almost every other coun- 
try ofthe world. Each of the local club members is also a member of the 
AMA. The organization includes more than 70,000 active members, about 
10 percent ofthem under the age of 19. The AMA is America’s representa- 
tive in the Federation Aéronautique Internationale (FAI), the interna- 
tional governing body for the hobby/sport. The AMA sponsors annual 
national contests (called “the NATS”) at different locations in the country. 
The FAI sponsors world championships, and several of those have been 
held in America over the years. Membership in the AMA includes 
liability insurance while you fly your models, the annual AMA rule book, 
and a monthly model airplane magazine Model Aviation with how-to 
articles, contest reports, new product information, and news about the 
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organization. Official AMA-sanctioned events (and AMA members) are 
covered by a million dollars in liability insurance. The full information 
packet on AMA membership is available from the Academy of Model 
Aeronautics, 815 Fifteenth St. N.W., Dept. BJ, Washington, DC 20005. 


National Model Airplane Championships 

The National Model Airplane Championships is a combination of the 
excitement of a baseball World Series and a circus. The "NATS” is the 
annual gathering of the faithful where the most realistic scale models in 
the world are flown by people who make them perform precisely like the 
real thing. Activities of the twelve different classes of radio-control, 
control-line, and free-flight scale model aircraft are just a fraction of what 
goes on during NATS week near the end of July and early August. There 
are sixteen classes of free-flight events for both indoor and outdoor 
competition, fourteen control-line events, ten radio-control events, fifteen 
for FAl or world championship classes, and another ten for the affiliated 
Society of Antique Modelers aircraft. The SAM models are those built 
from plans published prior to December 31, 1938, including gliders and 
both internal combustion engine-powered and rubber-powered models; all 
of the free-flight type. You’ll see every imaginable type of flying model 
aircraft at the NATS, including some examples whose designs date back 


Fig. 12-2 The paraphernalia of an avid indoor scale free-flight competitor includes his 
model’s score sheet, a commercial propeller winding machine, a razor blade, rubber lube, 
and coffee (for the flier). 
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to the beginnings of the hobby. The individual classes are listed and 
defined in the AMA rulebook that covers everything but rockets. The 
rockets people have the National Association of Rocketry (NAR) with 
their own rules and their own championships. 

Almost every flier at the NATS belongs to one of the clubs affiliated 
with the AMA. Most of these clubs have their own championships, but 
they are usually for just one category of aircraft (like free flight). The 
NATS is the place where you see everything there is to see in the hobby in 
one place. Thousands of people plan their vacations around the NATS, 
however, so be sure to make room or camping reservations in advance if 
you do plan to attend. The site of the next year’s event is not usually 
decided until the week of the current year’s event, and it is then published 
in the AMA’s Model Aviation magazine as well as in many of the other 
monthly model aircraft magazines. Many of the AMA-affiliated clubs 
have championships of their own, with the winner or winners being given 
expense-paid trips to the NATS. The very best fliers in this country attend 
the NATS, even if they have to pay their own way there. The rules do not 
limit the number of entries, however, so there is no reason why you cannot 
at least enter the events you have aircraft to qualify for. You do, of course, 
need to be an AMA member, but you’ll need to join just to get your copy 
of the rulebook in any case. More than one AMA champion has been a guy 
or gal who just “showed up”. 


Fig. 12-3 One of the areas of judging for some types of sailplane competition is the flier’s 
ability to land in the center of a circle. This competitor is just about to do it! 


Fig. 12-4 Ray Marvin is launching his Unlimited Class sailplane at a Rocky Mountain 
Soaring Association meet. The two men in the background are flying (right) and judging 
(left) a previous launch. 
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The Rules 


The current AMA rulebook has 98 pages of text and illustrations, so 
we cannot begin to reproduce it all here. There are classes for events and 
types of model aircraft like all of those you see in this book, and there are 
some, like speed, “Navy Carrier”, “Dive Bombing & Strafing”, and 
“Pylon Racing” that are too advanced for this type of book. The rulebook 
specifies the allowable wingspans, engines sizes (if any), weights, and 
general shapes, as well as how the flights themselves will be judged. 
Those same rules are, obviously, the ones that most of the local clubs use 
for their competition events. The rulebook also includes a number of 
safety precautions (in addition to the general safety rules shown in 
Chapter 1 of this book) for high-speed and heavy control-line models. The 
section on scale will give you some fine pointers on how to build a scale 
model that will meet the standards by which the AMA judges such models 
for both appearance and flying ability. Anyone contemplating the con- 
struction of a scale model, whether for competition or not, should first 
study the AMA rulebook. The typical stunt maneuvers for both control- 


Fig. 12-5 This Sig “Mustang Stunter” is typical of the aircraft that compete in the 
aerobatics of the control-line stunt classes at various AMA club and national events. 
Courtesy Sig Manufacturing Co., Inc. 
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Fig. 12-6 A simulated aircraft carrier deck is used for some of the AMA control-line 
events. Some models even have arresting hooks to catch lines strung across the forward 
end of the “deck.” 


Fig. 12-7 This simple-to-build Sig brand “profile” model “Twister” has all of the controls 
(including adjustable wing flaps) that are needed for “control-line stunt” competition 
flying. Courtesy Sig Manufacturing Co., Inc. 
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line and radio-control models will give experienced fliers an idea of what 
“pattern” maneuversreally can be. 

Each of the rules for competitive AMA flying is proposed and voted on 
by the contest board for that segment of the hobby/sport. Free-flight rules 
are the products of the experience of members with free-flight experience, 
radio-control rules are the result of the R/C members, experience, and so 
forth. These contest board members are also members of local AMA- 
affiliated clubs who very likely fly only the types of aircraft that are the 
specialty of that board member. The AMA rules are, then, both proven 
and practical means of judging the best performance of both the aircraft 
model and the flier. The rules are printed in the AMA rulebook and used 
by virtually every model aircraft club in the country. This greatly 
simplifies the technical operation of any local contest. 

When you join an AMA-affiliated model aircraft club, you also benefit 
from the experience of the hundreds of thousands of fliers who have 
helped develop AMA rules and contest formats. The contests are certainly 
not the basis for the hobby of flying model aircraft; in fact, quite the 
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Fig. 12-8 Fourteen examples of the type of 
“precision aerobatics” that are performed 
by most of the successful competitors in 
control-line “Stunt” flying classes at AMA 
events. Courtesy Cox Hobbies. 
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reverse is true—the contests grew out of the hobby. The contests will, 
though, give you some added stimulation to improve both your construc- 
tion and flying abilities for your own satisfaction. There’s really no 
substitute for a personal learning experience of the type you’ll receive 
when you enter a contest and discover just why other aircraft may (or may 
not) fly better than your own. The flight or sport side of aircraft modeling 
is something that takes some time to learn. You can minimize that 
learning period by drawing on the experience of other fliers to help you 
learn by example rather than by trail and error. Besides, you’ll have fun! 


Glossary 


Aerobatics: Flying aircraft maneuvers, like loops and rolls, that are not needed 
for normal transportation flights. 

Aerodynamics: The study of machines and objects moving in air. 

Ailerons: The control surfaces or flaps pivoted from the rear of an aircraft’s wings 
to help control roll. 

Airfoil: The cross-sectional shape of a wing or other flying surface. 

Airframe: The form that gives a flying machine its shape and strength, including 
the interior portions of wings and fuselages. 

Aliphatic resin: One of the types of liquid glues used to assemble wood or plastic 
aircraft models. Sold under various trade names. 

AMA: The Academy of Model Aeronautics; the major American flying model 
aircraft organization. 

Angle of attack: The angle, in degrees, included between the bottom of an airfoil 
(or the centerline of a “symmetrical airfoil”) and the directional path of 
flight. 

Aspect ratio: The numerical ratio of a wing’s chord divided into the wingspan. 

Average chord: The total area of the wing divided by the wingspan. 

Balsa wood: A lightweight but strong wood that is easily cut. 

Bearers: Plywood or hardwood brackets used to mount radio-control servos in the 
fuselage. 

Brick: A form of radio-control unit where the receiver and two or more servo 
motors are built into a single housing. 

Canard: A type of aircraft design where the wing is at the rear of the aircraft with 
the “stabilizer” at the front. 

Center of gravity: See CG. 

Center of Pressure: The single point on a wing or other airfoil where all of the 
lifting forces are centered. 

CG: Center of gravity; the point where all the masses or weight of the aircraft are 
centered. Also, the balance point of the model in any plane or direction. 

Channel: A single function of a radio-control system. 

Chord: The width of a wing or other airfoil. 

Decal: A thin decoration, number, letter, or stripe to be applied to the surface of a 
model. 

Decalage: The angle of difference between the wing and the stabilizer as viewed 
from the side of the aircraft. 

Digital proportional: See Fully Proportional. 
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Dihedral: The upward or downward angle of a wing or other airfoil when viewed 
from the front of the aircraft. 

Doublers: An extra layer of wood used to reinforce a fuselage, usually at the point 
where the wing mounts to the fuselage. 

Drag: The retarding action of an object that results from the air stream’s 
resistance to flowing smoothly over the surface. 


Elevator: The control surface that is pivoted from the rear of the horizontal 
stabilizer. 

Elevon: The control surfaces that are pivoted from the rear of the wings of a 
delta-winged (triangular-shaped) aircraft. Elevons control both pitch and roll 
simultaneously because each is a combination elevator and rudder in one 
control surface. 

Empennage: Collectively, the rudder and stabilizer or any other control surfaces at 
the rear of the aircraft. 


FAI; Fédération Aéronautique Internationale; the organization governing both 
model and full-size aircraft competition world-wide. 

FCC: The Federal Communications Commission; the licensing body of the 
government that assigns radio frequencies and controls their use. 

Fin: A vertical surface that helps to provide directional control. 

Flaps: The movable control surfaces at the rear of an airfoil that are used to 
control the aircraft’s lift or stability. 

Flutter: The low-frequency vibration of an airfoil, usually caused by high speed or 
poor construction. 

Flying stabilizer: A horizontal stabilizer where the entire airfoil, rather than just 
the elevator, is pivoted for pitch control. 

Flying wing: An aircraft design without a stabilizer and a short fuselage or Just a 
cockpit. 

Frequency: See Radio Frequency. 

Fully proportional: A type of radio control where the movement of the controls on 
the transmitters is duplicated in both angle and speed in the servo motors of 
the aircraft. 

Fuselage: The body of any aircraft. 


Gimbal: The control stick on a radio-control transmitter that can be moved in any 
direction for complete control of two servo motors. 

Glider; An engine-less airplane that relies on a launching force or energy to 
become airborne. 

Glide ratio: The number of feet or other units that an aircraft will travel 
horizontally for each vertical foot or unit of descent. 

Glow plug: A device, similar to a spark plug, that is used to ignite the fuel/air 
mixture in an engine’s combustion chamber. 


Half-A (%A): A model aircraft engine or class for engines with a displacement of 
less than .050 cubic inch. 

Horizontal stabilizer: The fixed portion of the horizontal flying surface at the rear 
of an aircraft. 


Indoor wood: Balsa wood with exceptionally light weight and strength, used 
mostly for indoor free-flight model aircraft construction. 


Glossary 155 


Leading edge: The front or forward edge of a wing, stabilizer, rudder, or other 
flying surface. 

Longerons: The structural ribs that run lengthwise in a fuselage. (See also 
Stringers.) 


Ni-cads: Rechargeable batteries made primarily of nickel and cadmium. 
Nose-block: The portion of a rubber-powered model aircraft that contains the 
propeller shaft. 


Pattern: A type of model aircraft flying competition that includes precise 
aerobatic maneuvers. 

Pitch: The movement of an aircraft up and down about the center of gravity. 

Polyhedral: A modification of dihedral where the tip or end portions of the wing 
angle upward at a greater angle than the center portions of the wing when 
viewed from the front. 

Pot: An electronic devise used in radio control; more correctly, a potentiometer. 

Proportional: See Fully Proportional. 

Pushrod: The wood, metal, or plastic rods that are pivoted on both ends to connect 
a servo motor wheel or bell crank to the control horn on the flaps or to the 
throttle lever. 


Radio: The electric device that is used to transmit signals from the flier’s hand 
lever controls to the receiver in the aircraft. 

Radio frequency: The proper term for the frequencies or signals transmitted by a 
radio-control transmitter and received by the receiver in the aircraft. 

R/C: The symbol used to indicate radio control. 

Ribs: The structural members of a wing that connect the leading and trailing 
edges and provide the airfoil shape. 

Roll: The movement (or left and right banking lean) of an aircraft about an axis 
extending from the nose to the tail and through the center of gravity. 

Rudder: The pivoted vertical control surface at the rear of the vertical 
stabilizer—also used (in error) to describe the entire vertical stabilizer. 


Sailplane: An airplane constructed light enough and with enough lift to gain 
altitude in flight by rising on thermals. 

Servo motor: Small electric motors, mounted in the aircraft and controlled by the 
radio transmitter to move the aircraft’s control flaps and throttle. 

Sinking speed: The loss of an aircraft’s altitude in feet per second in time as 
measured in still air. 

Spar: The main structural members of a wing (other than the leading and 
trailing edges) that extend inside its span. 

Spoiler: The flaps that pivot upward from the top or bottom of a wing to decrease 
the lift or to increase the drag. 

Stabilizer: Usually used to describe the “horizontal stabilizer”. 

Stress: The unit of force divided by the area that force is acting upon. 

Stringers: The smaller longerons in the fuselage. 


Thermal: A bubble or current of heated air rising from the surface of the ground 
or from the roof of a building. 

Torque: The tendency of an aircraft to rotate around the axis of the propeller 
shaft in the opposite direction from the rotation of the propeller. 
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Trailing edge: The rear edge of a wing, stabilizer, rudder, or other flying surface. 

Trim: The micrometer adjustments on a radio-control transmitter that allow 
adjustment of the control levers’ movements of the aircraft control surfaces. 
Also, the adjustment of any aircraft’s flying surfaces for a desired stable 
flight path. 

Trim tabs: Small tabs or control surfaces in or to the rear of the trailing edges of 
the control surfaces. Used to make small adjustments in the aircraft’s flight 
path. 


Undercambered airfoil: An airfoil where both the top and the bottom surfaces 
curve upward near the center. 


Vee tail: A horizontal stabilizer that is angled upward in a “vee” shape when 
viewed from the front of the aircraft. A vee tail serves the functions of both a 
vertical stabilizer (rudder) and a horizontal stabilizer. 

Vertical stabilizer: The vertical control surface at the rear of the aircraft, 
sometimes called a “rudder” (in error). 


Warp: An intentional twist in the wings or other control surfaces of an aircraft 
along the span. 

Wash-in: A twist or deliberate warp in the wing which results in the forward tip 
of the wing being higher than the rearward tip. 

Wash-out: A twist or deliberate warp in the wing which results in the rearward 
tip of the wing being higher than the forward tip. 

Wind tunnel: A special chamber used to develop an artificial wind for aeronauti- 
cal experiments. 

Wing chord: The width of the wing as measured from the leading to the trailing 
edge. 

Wing loading: The weight of the aircraft divided by the total wing area measured 
in ounces per square foot. 


Yaw: The movement of an aircraft from left to right about a vertical axis through 
the center of gravity. 
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Sources of Supply 

Most of these firms can supply catalogs, and there is often a charge. If 
you write to any model supply firm requesting the price of their catalog or 
any other information be sure to enclose a stamped, self-addressed 
envelope if you expect a reply. You might also mention where you read of 
the existence of the firm. Many of these firms are part-time businesses 
operated by hobbyists, and they can use whatever friendly help you can 
provide. We have listed the general categories of model aircraft supplies 
that each firm specializes in after their address. 


Ace R/C, Inc. 
Box 511 
Higginsville, MO 64037 


Birdi Hobby Enterprises 
1611 E. Sandison St. 
Wilmington, CA 90744 


RIC sport, pattern, and scale air- 
craft 


Radios, batteries, R/C sport aircraft 


American R/C Helicopters 
23811 Via Fabricante, No. 102 
Mission Viejo, CA 92691 

Radio control helicopters 


Byron Originals 
P.O. Box 279 
Ida Grove, IA 51445 


Andrews Aircraft Co. RIC scale aircraft 


U.S. Route 1 and North St. 
Topsfield, MA 01983 
RIC Sport and Trainer aircraft 


Cannon Electronics 
13400 Saticoy St. 
North Hollywood, CA 91605 
Radio-control equipment 


Cleveland Models & Supply Co. 
Venice, CA 90291 10307 Detroit Rd. 

Electric motors, hi-starts, sail- Cleveland, OH 44102 

planes Outdoor free-flight aircraft 


Balsa U.S.A. Concept Models, Inc. 
Box 164 2776 Syene Rd. 
Marinette, WI 54143 Madison, WI 53711 

Balsa, plywood, hardwood RIC scale aircraft 


Astro Flight, Inc. 
13377 Beach Ave. 
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Coverite 
420 Babylon Rd. 
Horsham, PA 19044 
Covering materials 


Cox Hobbies 
1505 E. Warner Ave. 
Santa Ana, CA 92702 
Full range of products 


Craft-Air 
20115 Nordhoff St. 
Chatsworth, CA 91311 
Sailplanes, R/C trainers 


Dave’s Custom Models 
1844 W. Glenoaks Blvd. 
Glendale, CA 91201 
Sailplanes and helicopters 


Du-Bro Products 
480 Bonner Rd. 
Waucoda, IL 60084 
Control-line and R/C pushrods 


EWH Specialties, Inc. 
607 E. Abram St. 
Arlington, TX 76010 
Engines for ‘/a-scale aircraft 


Flyline Models 
2820 Dorr Ave. 
Fairfax, VA 22031 
Free-flight scale aircraft 


Fox Manufacturing Co. 
5305 Towson Ave. 
Fort Smith, AK 72901 
Engines, fuel, and accessories 


Futaba Industries, U.S.A. 
630 W. Carob St. 
Compton, CA 90220 

Radio-control equipment 


Doug Gailbraith 
707 2nd St. 
Davis, CA 95616 
Free-flight timers and accessories 


Carl Goldberg Models 


4738 W. Chicago Ave. 

Chicago, IL 60651 
R/C and control-line aircraft and 
accessories 


Gorham Associates 


23938 Craftsman Rd. 
Calabasas, CA 91302 
RIC helicopters 


Paul K. Guillow, Inc. 


P.O. Box 229 

Wakefield, MA 01880 
RIC, control-line and free-flight 
aircraft 


Hi-Flight Model Products 


43225 Whittier Ave. 
Hemet, CA 92343 
Sailplanes and electric winches 


House of Balsa 


2814 E. 56th Way 
Long Beach, CA 90805 
RIC sport and scale aircraft 


Jemco 


1305 E. Foothill Dr. 
Vista, CA 92083 
RIC scale aircraft 


Jetco 


833 Lexington Ave. 
Brooklyn, NY 11221 
Free-flight and RIC sport aircraft 


K&B Manufacturing 


12152 Woodruff Ave. 
Downey, CA 90241 
Engines and Fuel 


Kavan Model Aircraft, Inc. 


1424 E. Borchard Ave. 
Santa Ana, CA 92705 
RIC helicopters 


Kraft Systems 


Box 1268 

Vista, CA 92803 
Radio-control equipment and 
engines 
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Legion Air 
3017 Norwood 
Arlington, TX 76013 
Sailplanes 


Litco Systems 
Box 90 
East Hanover, NJ 07936 
Radio-control equipment 


Logictrol International Corp. 
3300 Stovall St. 
Irving, TX 75061 
Radio-control equipment 


Mark’s Models 
Box 2134 
Escondido, CA 92025 
Sailplanes and RIC sport aircraft 


Dick Mathis Design Group 
Box 338 
Lone Oak, TX 75453 
Control-line and free-flight aircraft 


Micro-X Models 
Box 1063 
Lorain, OH 44055 
Free-flight aircraft 


Midwest Products Corp. 
400 S. Indiana St. 
Hobart, IN 46342 
RIC and control-line aircraft, 
ducted fan engines 


Milcott Corp. 
177 Riverside Ave. 
Newport Beach, CA 92663 
Radio-control equipment 


Miniature Aircraft Supply 
2563 Diversified Way 
Orlando, FL 32804 

RIC helicopters 


Model Engineering of Norwalk 
(M.E.N.) 
54 Chestnut Hill 
Norwalk, CT 06851 
RIC trainer and sport aircraft 


Model Merchants 
Box 3792 
Irving, TX 75061 
RIC sport and pylon aircraft 


Model Rectifier Corp. 
2500 Woodbridge Ave. 
Edison, NJ 08817 
Radio-control equipment, engines, 
and RIC aircraft 


Bud Nosen Models 
Box 105 
Two Harbors, MN 55616 
RIC scale aircraft 


OS Engines 
(See World Engines) 


Peck-Polymers 
Box 2498 
La Mesa, CA 92041 
Free-flight aircraft 


Pica 
2657 N.E. 188th St. 
Miami, FL 33180 
Decals and RIC scale aircraft 


Pierce Aero Co. 
9626 Jellico Ave. 
Northridge, CA 91325 
Sailplanes 


Polks Hobbies 
346 Bergen Ave. 
Jersey City, NJ 07403 
Full range of products 


Prather Products 
1660 Ravenia Ave. 
Wilmington, CA 90744 
RIC pylon aircraft, control-line 
accessories 


Pro-Line Electronics 
10632 N. 21st Ave. No. 11 
Phoenix, AZ 85029 
Radio-control equipment 
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R/M Enterprises 
3255 N.W. Crocker Lane 
Albany, OR 97321 
Free-flight aircraft. 


Royal Electronics 
3535 5. Irving 
Denver, CO 80110 
Radio-control equipment 


Royal Products 
790 W. Tennessee 
Denver, CO 80223 
RIC scale aircraft, engines 


SC Products 
1999 Larkin Ave. 
Elgin, IL 60120 
RIC helicopters 


Schluter (See: Gorham Associates, 
Miniature Aircraft Supply, SC 
Products) 

Scientific Models 
340 Snyder Ave. 

Berkeley Heights, NJ 07922 
Control-line and free-flight aircraft 


Sig Manufacturing Co. 
4018. Front St. 
Montezuma, IA 50171 

Full range of products 


Soarcraft Products 
1550 Dell Ave. 


Campbell, CA 95008 
Sailplanes 


Southern R/C Products 
Route 3, Box 47 
Nims Lake 
Pensacola, FL 32503 
Sailplanes and RIC pattern aircraft 


Jack Stafford Models 
12111 Beatrice St. 
Culver City, CA 90230 

RIC scale aircraft 


Sterling Models 
3620 G St. 
Philadelphia, PA 19134 
RIC and free-flight aircraft 
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Su-Pr-Line Products 
Plainfield, TX 60544 
RIC and control-line pushrods 


Testor Corp. 
620 Buckbee St. 
Rockford, IL 61101 
Engines and control-line aircraft 


Top Flite Models 
1901 N. Narragansett Ave. 
Chicago, IL 60639 
RIC and control-line models 
Plastic coverings 


Webra Engines 
(See Model Rectifier Corp.) 


Charles Werle 
3620 Morse Ave. No. 8 
Sacramento, CA 95821 
Free-flight aircraft 


World Engines, Inc. 
8960 Rossash Ave. 
Cincinnati, OH 45236 

Engines 


Publications 


Magazines 


Flying Models 
Box 700 
Newton, NJ 07860 
sample copy $1.25 


Model Airplane News 
837 Post Road 
Darien, CT 06820 

sample copy $2.00 


Model Aviation 
815 15th St. N.W. 
Washington, DC 20005 
sample copy $2.00 
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Model Builder R/C Sportsman (newspaper) 
621 W. 19th St. P.O. Box 11247 
Costa Mesa, CA 92627 Reno, NV 89510 
sample copy $2.00 sample copy $1.00 


Radio Control Modeler 
Box 487 
Sierra Madre, CA 91024 
sample copy $2.50 


Plans 

All of the monthly magazines offer scale-model plans for sale, and 
most issues include at least one scale model plan. Contact the magazines 
for catalogs of available plans. These firms also offer scale model plans for 
sale: 


Modernistic Models 
Box 6974 
Albuquerque, NM 87197 


Sid Morgan Vintage Aircraft Plans 
18157 Ormond 
Bellville, MI 48111 


John Pond Plans 
Box 3215 
San Jose, CA 95156 


Clubs 


Academy of Model Aeronautics 
815 15th St. N.W. 
Washington, DC 20005 


CL (Control Line) Racing Pilots and Mechanics Association 
1122 Plaza Circle 
Joppa MD 21805 


FAI Control Line Society 
523 Meadowbrook Circle 
St. Davids, PA 19087 


International Miniature Aerobatics Club 
16970 Barnell Ave. 
Morgan Hill, CA 95037 


League of Silent Flight (R/C sailplanes) 
P.O. Box 39068 
Chicago, IL 60639 
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Miniature Aircraft Combat Association 
1443 McKinley Ave. 
Escondido, CA 92027 


Model Engine Collectors Association 
P.O. Box 725 
Indianapolis, IN 46206 


National Association of Rocketry 
P.O. Box 725 
New Providence, NJ 07974 


National Free Flight Society 
707 Second St. 
Davis, CA 95616 


National Indoor Model Airplane Society 
Box 545 
Richardson, TX 75080 


National Miniature Pylon Racing Association 
4000 Havenhurst Ave. 
Encino, CA 91436 


National Radio Control Helicopter Association 
P.O. Box 487 
Sierra Madre, CA 91024 


National Soaring Society (R/C sailplanes) 
Box 1530 
Denver, CO 80220 


National Society of Radio Controlled Aerobatics 
8534 Huddleston Dr. 
Cincinnati, OH 45236 


Precision Aerobatic Model Pilots Association (control-line stunt) 
1640 Maywick Dr. 
Lexington, KY 40504 


Society of Antique Modelers 
1947 Superior Ave. 
Whiting, IN 46394 


Women’s Inter-National Glider Soaring 
6128 Marscot Dr. 
Lansing, MI 48910 


Index 


Page numbers in bold type indicate information in illustrations. 


“ABC Scrambler,” 97 Carburetor, for internal combustion engine, 28, 
Academy of Model Aeronautics (AMA), 1-2, 29,35 
144-145 Cement, for kit building, 111-112, 116, 117 
rules of, 146, 148, 150 for repairs, 131, 132 
safety code of, 13 Center of gravity, altering, 21 
Aerodrome, model, 50, 52, 52 determining, 21 
Aerodynamics, 14-27 effect of, on stability, 20-21, 20 
basic principles of, 14-15 searching for, 22-23 
climbing high, 17-18 Cessna 182, 138 
complete control, 23-27 Channels, 63-65, 68 
in-flight stability, 19-21 Circuit board receiver, 64 
lighter-than-air paints and skins, 27 Cleaning, 133 
searching for center of gravity, 22-23 Clevis links, 73 
Aileron rolls, 87 Clevises, 121 
Ailerons, 20, 23, 25, 25 Clubs, 143-146 
Airfoil shape, 15, 17-20 Collective pitch, 110 
flat-bottom, 17 Collective pitch rotors, 105, 105, 106, 110 
of stabilizer, 19-20 Combat, 61, 61 
symmetrical, 17 “Commander,” 107 
undercambered, 15 Competition, 144-146, 145-147, 152 
of wing, 15, 17-18, 17, 18 examples of stunts performed in, 150-151 
“Alouette 2,” 107, 108 rules of, 148, 150 
Altitude. See also Lift Compression stroke, 29, 30 
plane refusing to gain, 26 Contests, 144. See also Competition 
“Ambush,” 53, 54 Control, radio. See Radio control 
Angle of attack, 18, 18 Control flaps, 120, 121 
in complete control, 24 Control handle, 3 
“Astro Start,” 44 Control horns, 120, 121 
Autorotation feature, 104, 107, 108-109 Control-line models, 3-4, 3, 47-61 
Axes. See Pitch; Roll; Yaw in combat, 61, 61 
f in competition, 149, 150-151 
“Baby Ace,” 95 control lines of, 52-53 
“Baby Bee,” 29 costs of, 7 
Banking, 20, 25 first solo with, 49-50, 51 
Base leg, 83, 84, 85 flight line school for use of, 47-49 
Batteries, connecting to glow plug, 32, 33 model aerodrome for, 50, 52, 52 
in electric motors, 39, 42, 42 stepping up, 53-56, 54-56 
for radio-control rigs, 68 stunts for, 56-60, 57-61 
Bearers, 71 Control-line scale, 139 
Bell crank, 3 Control lines, 52-53 
“Bell Jet Ranger,” 105 center of gravity affected by, 21, 23 
“Bell 222,” 109 nylon, 53 
Birds, secret of, 15, 17 steel, 53 
“Brick,” 72 Control surfaces, 23-27 
Buddy box radio transmitter setups, 77 Costs of model aircraft, 5-9 
Building. See Kit building; Super scale Coverings. See Paint; Plastic color 
“Buster,” 54 coverings 
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Crashes, avoiding, in radio-control flight, 76-78 
in combat, 61 
repairing damage after, 131, 131, 132, 133, 133 
“Cub,” 8, 64, 64, 79 


Decals, 123, 125, 129, 130, 131 
Dethermalizer, 26, 98, 99, 100-101 
Dihedral, 20 
Dive brakes, 27 
Diving, cause and remedy for, 26 
Downwind (downward) leg, 83, 84, 85 
Drag, angle ofattack and, 18 

wing shape and, 15, 17, 18 


Electric launching winch, 44-45, 44, 46 

Electric power plants, 39, 42-43, 42 
selection chart, 41 

“Electric Sportavia,” 42 

Elevator, 24, 24 

Energy. See also Engine; Power plants 
necessary for flight, 14-15 

Engines, 4 
converting to electric power, 42 
diesel, 31 
internal combustion, 28-29, 29, 30, 31 
problems with, trouble-shooting chart for, 36 
for radio-control aircraft, large, 38 
selection chart, 38-39, 40-41 
tow-line, 43-46, 43-46 
two-stroke, 29, 30, 31 

Epoxies, for kit building, 112, 115, 117 
for repairs, 131, 131 

Exhaust, 30 


Fairchild 22, 2 
Federal Aeronautics Administration, on operat- 
ing standards for model aircraft, 12 
Federal Communications Commission (FCC), 
permit from, 1 
Fiberglass cloth, 115 
Field, for control-line flying, 50, 52, 52 
for outdoor free flight, 97 
for radio-control flight, 80 
Figure eights, in competitions, 151 
for control-line models, 58-60, 60 
Fillets, 115, 117 
Finishes, 122-133 
Fixed-wing flight, 102-103 
Flaps, control, 120, 121 
landing, 27 
Flight. See also Model aircraft 
basic principles of, 14-15. See also 
Aerodynamics 
free. See Free flight 
trouble-shooting chart for, 26 
Flight line school, 47-49 
Flying stabilizer, 24 
“Flying Tiger,” 55 
Focke-Wulf Fw190, 141 
Free flight models, 2, 6 
classes for, 90-91 
costs of, 6-7 
indoor, 90, 91, 93-95, 94, 95, 100 
outdoor, 91, 97, 100-101 
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peanut and jumbo scale, 91-93 
rubber powered, 90, 91, 95, 96, 97, 100 
trim tabs for, 95, 96 

Frequencies, 65, 68 
chart of, 69 

Frequency pole, 65, 68 

Fuel, in engine starting, 31, 32, 33 
selecting proper, 37 

Fuel pickup line, 37 

Fuel-proof paint, 128 

Fuel tanks, 37 

Fuel transfer, 30 


Glider, free-flight, 98, 100 
Glow plugs, 29, 29, 31, 32, 33 
effect of racing fuel on, 37 
Glue. See also Cement; Epoxies 
for tissue paper covering, 122, 123 
Glue joints, instant, 112-113, 115 


Half A,7 
Hand, 3 
“Hawk,” 82 
Heinkel 100D, 93 
“Heli-Baby,” 107 
“Heli-Boy,” 103, 107, 109 
Helicopters, 102-110 
autorotation capability of, 108-109 
flight of, 109-110 
forward, 104-105 
hovering, 102-103 
radio control, 105, 106, 107 
Hi-Start tow lines, 43-45, 43 
Hinges, 120, 121 


Immelmann turn, 87 

Indoor free flight, 90, 91. 93-95, 94, 95, 100 

Inside loop, for control-line models, 58-59, 59 

in radio-contro] flight, 88 

Insurance, 1-2 

Internal combustion engine, 28-29, 29, 30, 31 

Irons, to heat and seal plastic coverings, 125, 
127-128 


“Jet Ranger,” 107 
Jumbo scale, 91-93, 139 


“Kadet,” 78 
Kits 
building, 111-121, 112-114 
cement secrets, 111-112, 116-117 
control flaps, 120, 121 
epoxies, 115 
instant glue joints, 112-113, 115 
tools, 118, 118, 119, 120 
control-line model, beginner, 52-53 
second, 53, 54-55, 56, 56, 
costs of, 6-9 
for free-flight aircraft, 90-91, 92, 92, 96, 97, 
100-101 
for models using electric motors, 42 
radio, 69 
radio-control training, 78-79, 79 
for super scale, 138, 139, 141 
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“Kiwi,” 8 
Knives, 118, 118, 119 


Landing. See also Field 
in radio-control flying, 83-84, 84-86 
Landing flaps, 27 
“Launch Pail,” 44 
Launching winch, electric, 44-45, 44, 46 
Leadout lines, 53 
Letters. See also Decals 
tissue paper for, 123 
“Libelle,” 140 
Lift, produced by angle of attack, 18, 18 
produced by stabilizer, 20 
wing shape and, 15, 17-18, 18 
“Lightning,” 140 
Loops, inside, 58-59, 59, 88, 150 
outside, 58, 60, 60, 88, 150, 151 


“Mach None,” 63 
Markings. See Decals; Letters 
“Mini-Bell,” 65 
“Miss San Bernardino,” 112 
Model aircraft, 1-13 
costs of, 5-9 
forms of, 2-4 
large. See Super scale 
power plants for, 4-5. See also Power plants 
ready-built. 10-11 
standards for operation of, 12 
true-to-life scale, 11 
Motors. See Power Plants; Engines 
Movements, terms to describe, 20, 20 
Mufflers, 38 
Mustang, P-51, 55, 136 
“Mustang Stunter,” 148 


National Association of Rocketry (NAR), 146 
National Model Airplane Championships, 
145-146 

NATS (national contests), 144, 145, 146 
Needle valve, 29, 31, 33, 34, 35 
“Nesmith Cougar,” 135 
Numbers. See also Decals 

tissue paper for, 123 


“One Night 28,” 91 

Operating standards for model aircraft, 12. See 
also Rules 

Outdoor free flight, 91, 97, 100-101 

Outside loops, 58, 60, 60, 88, 150. 151 


Paint, clear, 122, 123 
fuel-proof, 128 
lighter-than-air, 27 
other finishes and, 122-133 
techniques for applying, 128-129, 128, 129 
Pattern flying, 61, 88 
Peanut scale, 91-93, 139 
Pitch, 20, 20, 21, 23, 24 
collective, 105, 105, 106, 110 
“Pitts,” 85 
Plastic color coverings, 124-128, 125-127 
for repairs, 131, 132, 133 


Power plants, 4-5, 28-46. See also Engines 
electric, 39, 42-43 
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engines and propellers, choosing, 38-39, 40-41 


fuel for, selecting proper, 37 
fuel tanks, 37 
internal combustion engine, 28-31 
mufflers, 38 
selection chart, 41 
starting techniques for, 31-36 
tow-line engines, 43-46 
Power stroke, 28, 29, 30 
“Prairie Bird,” 6 
Problems. See Trouble-shooting charts 
Propellers, choosing, 38-39 
charts on, 40-41 
Pushrods, 3, 63, 71, 73 
hardware for, 120, 121 
of helicopter, 106 


“Q-Tee,” 78, 96 
“Quarter Midget,” 10 


Radio-control helicopters, 105, 106, 107 
Radio-control models, 2, 3, 62-89 
advanced techniques in, 84, 86-87 
aileron rolls in, 87 
channels, 63-65, 68, 70 
control sticks in, 66-67 
first aircraft using, 78-80 
first flight using, 80, 82 
frequencies, 65, 68 
chart of, 69 
fully proportioned, 62, 70 
landing, 83-84, 84-85 
no-crash system of, 76-78 
pattern flying, 88 
powered aircraft as, costs of, 8-9 
trainer for, 9 
pulse proportional systems of, 63 
quality bargains for, 69-70 
radios for, 62-63 
installation of, 70-71 
sailplanes as. See also Sailplanes 
costs of, 7-8 
servo motor mounts for, 71, 72-73, 74-75 
thermal soaring by, 88-89 
trouble-shooting chart for, 74 
Radio-control sailplane, costs of, 7-8 
launching of. 43-45, 45 
Radio-control scale, 139, 140, 141-142 
Radio transmitter setups, buddy box, 77 
“Ranger,” 78 
Ready-built aircraft, 10-11 
Reed valve, 28-29, 29, 30 
Repair tips, 131, 131, 132, 133, 133 
“Rev-olution,” 107 
Rivets, flush, 27 
Rocky Mountain Soaring Association, 
144, 147 
“ROG,” 92 
ROG (rise-off-ground) takeoff, 94 
Rollts), 20, 20, 21 
controlling, 25, 25 
aileron, 87 
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Rotoris), collective pitch, 105, 105, 106, 110 
helicopter, 104, 105, 105-107 
in autorotation, 108-109 
tail, 104 
Rubber power, in free flight, 90, 91, 95, 96, 
97, 100 
Rudder, 19, 23, 24 
in complete control, 23 
in radio-control systems, 71, 74, 75 
Rules. See also Federal Aeronautics Administra- 
tion; Safety code 
ofcompetition, 146, 148, 150 


"S-Tee,” 78 
Safety code, 13 
“Sailaire,” 16 
Sailplanes, 82, 88-89, 89 
costs of, 7-8 
launching of, 43-45, 45 
Sanding, paintingand, 128-129 
Sandpaper, 118, 119 
Saws, 120 
Scale, cheap, 139 
control-line, 139 
determining, 134 
peanut and jumbo, 91-93, 139 
radio-control, 139, 141-142 
super, 134-142 
true-to-life, 11 
Scale effect, 137, 139 
Scale performance, 134, 136 
Servo motors, 62-63 
Skins, plastic, 27 
“Sky-Copter,” 104 
“Smith Miniplane,” 56 
Soaring, thermal, 88-89 
Society of Antique Modelers (SAM), 145 
Spark plug, 31 
"Spirit of St. Louis,” 135 
“Spitfire,” 113 
Spoilers, 25-26 
“Sportavia,” 78, 81 
“Electric,” 42 
Stability, in-flight, 19-21 
directional, 20 
lateral, 20 
longitudinal, 20 
Stabilizer, of tail, 19-20, 23, 24 
horizontal, 19-20, 24 
vertical, 23 
Stall angle, 18 
Stalling, cause and remedy for, 26 
Standards, operating, 12. See also Rules 
Starter, coil spring, 33 
Starting techniques, 31-36, 32-35 
Stick models, for free flight, 90-93 
Stripes, 123. See also Decals 
Stuka, 3 
Stunts, in competitions, 150-151 


for control-line models, 56—60, 57-61 
combat, 61, 61 
figure eight, 58-60, 60 
inside loop, 58-59, 59 
outside loop, 58, 60, 60 
partial wingover, 56-57, 57, 58 
pattern, 61 
in radio-control flight, 88 
Super scale, 134-142. See also Scale 
“Super Stunter,” 53 
Swash plate, 105, 106 


Tail, stability controlled by, 19-20 
Tail rotor, 104 
Teachers, for radio-control flying, 77-78 
Tee pins, 114, 118 
Test gliding, for center of gravity, 23 
Thermal, lift by, 15, 16, 18 
Thermal soaring, 88-89 
“Thunderbolt,” 138 
Timers, 7 
Tissue paper covering, 122-124, 123, 124 
Tools, 118, 118, 119, 120 
Tow line engines, 43-46, 43-46 
Tow lines, "Hi-Start,” 43-45, 43 
“Trainer Hawk,” 78 
Trim, for free flight, 91, 92 
Trim tabs, 95, 96 
Trouble-shooting charts, engine, 36 
flight, 26 
radio-control systems, 74 | 
True-to-life scale, 11. See also Scale 
Turns, banked or coordinated, 20, 25 
Tweezers, 118 
“Twister,” 149 
4 


U-control flying. See Control-line models 
"Velie Monocoupe,” 137 


Wakefield-class models, 99, 100 
Wankel rotary combustion engine, 31 
Wash-in, 93, 128 
Wash-out, 128 
Weight, affected by finish, 27 
of free-flight models, 92 
Wind, in control-line flying, 50 
in radio-control flight, 80, 83, 84, 86 
Wing cord, 18 
Wingover 
double reversed, 150 
partial, 56-57, 57, 58 | 
Wings, ofbirds, 15, 17 
shape of, 15. 17-18, 17 | 
airfoil, 15, 17-18, 17 | 
flat plate, 17 l 
Wire, 118 


Yaw, 20, 20, 21 


with special emphasis on setting up 
power packs and panels and doing your 
own hand-spiked trackwork. Planning 
and operation are covered in detail. 
Presents all the information you need to 
create realistic structures—houses, in- 
dustrial complexes, railroad yard build- 
ings and bridges—and superdetailed 
landscapes—mountains, lakes and riv- 
ers, trees, bushes and ground cover. 
“Even experienced modelers will find 
the book chock full of unique time- 
saving tips and a wealth of detail that 
will make this a much-used 
reference.”—Craft, Model and Hobby 
Industry. Vol. l: $8.95, paper; $15, 
hardcover. Vol. Il: $8.95, paper; $15, 
hardcover. 


TYCO® MODEL 
RAILROAD MANUAL 


Every aspect of creating a miniature 
empire in HO scale is detailed. Includes 
painting, weathering, decaling 

—all the workbench info you need; 
easy maintenance procedures and 
troubleshooting tips for mechanical 
parts; easy-to-build track controls, 
automatic switching and coupling sys- 
tems, and wiring mechanisms for all 
Tyco models. $7.95, paper only. 


Available Soon! 


BUILDING 
AIRCRAFT MODELS 
FOR DISPLAY 


The perfect companion to BUILDING 
AND FLYING MODEL AIRCRAFT is in 
preparation now. Robert Schleicher tells 
how to build museum-quality display 
models from kits and how to fabricate 
original designs from kit parts and raw 
materials. Contains all the special 
information you need to create realistic 
replicas: authentic paint schemes; 
airbrushing techniques, decaling and 
markings; weathering and ageing 
models; kit conversions; creating 
dioramas and other special effects and 
war games. 
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| CHILTON} 
BECA 


How to build and fly a 
FREE FLIGHT, CONTROL LINE, and A 
RADIO CONTROL model 


Learn to apply basic aerodynamic principles and the building 
techniques of master modelers. This handbook provides all the 
information you need, from the correct methods of kit building and 
paint and tissue covering to the secrets of selecting the best engine, 
fuel, and R/C rig for your plane. Step-by-step flight lessons in F/F, C/L, 
and R/C will help you to hone your skills and guide you right on 
through combat maneuvers and fancy aerobatic stunts. You can make 
planes that will out-class and out-soar everything else in the sky! 


Robert Schleicher and James Barr each bring a lifetime of modeling 
skill and enthusiasm to BUILDING AND FLYING MODEL AIRCRAFT. 
Barr is treasurer of the National Soaring Society and served as soaring 
event director ‘or the Academy of Model Aeronautics National Cham- 
pionships. He is a formidable competitor in regional and national 
events. An inveterate modeler, Schleicher has edited several national 
hobby magazines and is the author of six successful books on model 
railroads, cars, and spacecraft. He is currently writing a book on build- 
ing museum-quality static model aircraft. 


ISBN 0-8019-6904-2 
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